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T his, the Eighteenth Edition of the Carnegie Pocket Companion, i 
contains the revised data of the sixteenth edition. 1 

Since 1903, the date of the fifteentli edition, there have been j 
; many changes in the art of bridge and building construction with I 
i the exj ^n sion of the use of steel inlo other lines than those covered ■ 

' by that edition. The endeavor in the sixteenth and subsequent issues i 
: has been to eliminate obsolete forms of construction, to revise the ^ 
i forms retained from the fifteenth edition so as to make them I 
conformable to present standard practice, and to incorporate with 
; the matter so retained such information on the newer lines of ; 

manufacture as would be of interest to engineers, architects, and 
; builders. j 

This book differs from the sixteenth edition in the addition of 
: tables of standard punching in flanges of beams and channels and in i 
the extension of the tables of extreme sizes «of plates to include ; 

; nickel steel. The sizes of channels, bulb angles, checkered plates, ; 

; merchant bars, etc. have been revised. A new line of supplementary i 
: beam scictions has been substituted for that shown in the f)revious I 
; issues and, in addition, tables and data are included on a new line of j 
t bulb angle sections rolled in accordance with British Standards, i 
I Further, the A. S. T. M. Specifications appear in the forms adopted ! 

I at their latest revision. ; 

j From the large number of rolled shapes which we manufacture, | 
j we have selected for illustration in the profiles and tables such as i 
are deemed most suitable for use in bridge, building, locomotive, i 
car, and ship construction. A complete list of all the sections rolled i 
on the structural-, plate,- bar- and rail mills of the Carnegie Steel 
j Company, together with tables of weights and other data in regard j 
j to these products, is given in our Shape Book, Fifth Edition. 



CARNEGIE STEEL COMPANY 


I AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. 8. A. 

; AFFILIATED WITH THE 

International Association for Testing Materials 

STANDARD SPECIFICATIONS 

FOB 

STRUCTURAL STEEL FOR BRIDGES 

Serial Designation: A7-15. 

. The specifications for this material are issued under the fixed doslgna- 
: tion A 7; the final number indicates the year of original issue or, in the case 
; of revision, the year ofdast revision. 

Adopted, IfiOl; Revised, 1905, 1909, 1913, 1914, 1915. 

1. Steel Castings. The Standard Specifications for Steel Castings 
' (Serial Designation A-27) adopted by the American Society for 
: Testing Materials shall govern the purchase of steel castings for 
; bridges. Unless otherwise specified, Class B castings, medium 
I grade, shall be used. 

I. MANUFACTURE 

2. Process. The steel shall be made by the open-hearth process. 

j II. CHEMICAL PROPERTIES AND TESTS 

I 3. Chemical Composition. The stcel shall conform to the following 
requirements as to chemical composition: 
j Structural Steel Rivet Steel 


Phosphorus^ ^ 

j iBasic •' “ 0.04 " 0.04 " “ 

I Sulphur “ ” 0.05 ” .045 “ ” 
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STANDARD SPBCIFICATIONS 

i ; "i 

I 4. Ladle Analyses. An analysis to determine the percentages of I 
I carbon, manganese, phosphorus and sulphur shall be made by the 
I manufacturer from a test ingot taken during the pouring of each 
' melt, a copy of which shall be given to the purchaser or his repre- ; 
■ sentativc. This analysis shall conform to the requirements specified i 
in sec. 3. 

5. Check Analyses. Analyses may be made by the purchaser 
; from fa^shed material representing each melt, in which case an 
excess of 25 per cent above the requirements specified in sec. 3 
shall be allowed. 


III. PHYSICAL PROPERTIES AND TESTS 

6. Tension Testa, (a) The material shall conform to the follow- 
ing requirements as to tensile properties: 


! I’roperties Conaidered 

Tensile strength lb. per sq. inch 

i Yield point, min lb. per sq. inch 

' Elongation in 8 inches, min per cent 

■ Elongation in 2 inches, min per cent 

flSeepar. (&). bSeeeec.7. 

(6) In order to meet the required minimum tensile strength of ; 
full-size annealed eye bars, the purcliaser may determine the tensile | 
' strength to be obtained in specimen tests, the range shall not 1 
exceed 14,000 lb. per sq. inch and the maximum shall not exceed ■ 
; 74,000 lb. per sq. inch. The material shall conform to the i 

1 requirements as to physical properties other than that of tensile : 

i strength, specified in sec, 6, 7 and 8 (b). i 

I (c) The yield point shall be determined by the drop of the 
• beam of the testing machine. 

I 7. Modifleationt in Elongation, (a) For structural Steel over % 

! inch in thickness, a deduction of 1 from the percentage of elongation 
; in 8 inches specified in sec. 6 (a) shall be made for each increase 
! of }/i inch in thickness above % inch to a minimum of per cent. 

I (b) For structural steel under ®/i6 inch in thickness, a deduc- 
j tion of 2.5 from the percentage of elongation in 8 inches specified 
! in sec. 6 (a) shall be made for each decrease of He inch in thickness 
below He inch. 


Structural 

Steel 


Rivet 

Steel 


55,000-0.') ,0O()o I 46,000-50,000 

O.Stens.str. 
1,500,0^ 
tens. str. 


0.5 tens. str. 
1.500,0005 
tens. sfr. 
22 
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CARNBQIB STEEL COMPANY 

r i 

i 8 . Bend Tests, (a) The test specimen for plates, shapes and I 
; bars, except as specified in par. (fe), (c) and (d), shall bend cold I 
■ through 180 degrees without cracking on the outside of the bent | 
portion, as follows: For material % inch or under in thickness, flat ; 
' on itself; for material over % inch to and including 114 i»‘‘h in | 

: thickness, around a pin the diameter of which is equal to the i 

; thickness of the Bjiecimen; and for material over 1 ]4 inch in thickness, 

! around a pin the diameter of which is equal to twice the thi^ljpcss of 
i the specimen. 

i {h) The teat specimen for eye-bar flats shall bend cold through 
i 180 degrees without cracking on the outside of the bent, portion 
• as follows: For material M inch or under in thickness, around a 

, pin the diameter of which is equal to the thickness of the specimen; ; 

for material over ^4 inch to and including lH inch in thickness, 

> around a pin I lie diameter of which is equal to twice the thickness 
; of the specimen; and for material over 114 ii^^h in thickness, 
i around a pin the diameter of which is equal to three times the 
thickness of the specimen. 




■•-About 3 


^Parallel section not less than 9" , 


<-About3^ 


,1¥j 




14 . About 18''- 

Fioxjrb 1. 


(c) The test specimen for pins, rollers and other bars, when 
) prepared as specified in sec. 9 (c), shall bend cold through 180 
: degrees around a 1-inch pin without cracking on the outside of the 
; bent portion. 

i (d) The test specimen for rivet steel shall bend cold through 
: 180 degrees flat on itself without cracking on the outside of the 
I bent portion. 

I 9. Teat Specimens, (a) Tension-and bend test specimens shall 
I be taken from rolled steel in the condition in which it comes from 
the rolls, except as specified in par. (&). 

I (h) Tension-and bend test specimens for pins and rollers shall 
; be taken from the finished bars, after annealing when annealing 
I is specified. 

e 



STANDARD SPECIFICATIONS 

i (c) Tcnsion-and bend test specimens for plates, shapes and 
: bars, except as specified in par. (d), (e) and (/), shall be of the full 
i thickness of material as rolled. They may be machined to the 
. form and dimensions shown in fig. 1, or with both edges parallel; 
■ except that bend-test specimens for eye-bar flats may have three 
' rolled sides. 



(d) Tension-and bend test specimens for plates, and tension 
test specimens for (;ye-bar flats, over 1% inch in thickness may be 

, machined to a thickness or diameter of at least inch for a length 
of at least 9 inches. 

(e) Tension test specimens for pins, rollers and bars (except 
! eye-bar flats) over 1 \'2 inch in thickness or diameter may be of 

tlic form and dimensions shown in fig. 2. Bend test specimens 
may be 1 by K inch in section. The axis of the specimen shall be 
. located at any point midway between the center and surface and 
shall be parallel to the axis of the bar. 

(/) Tension-and bend test speciineiis for rivet steel shall be of ! 
; the full-size section of bars as rolled. 

i 10. Number of Tests, (a) One tension-and one bend test shall 
• be made from each melt; except that if material from one melt ; 
; differs % inch or more in thickness, one tension-and one bend test \ 
I shall be made from both the thickest and the thinnest material ; 
i rolled. 

! (6) If any test specimen shows defective machining or develops i 

I flaws, it may be discarded and another specimen substituted. 

I (c) If the percentage of elongation of any tension test specimen i 
j is less than that specified in sec. 6(a) and any part of the fracture | 
I is more than % inch from the center of the gage length of a 2 inch J 
I specimen or is outside the middle third of the gage length of an j 
! Scinch specimen, as indicated by scribe scratches marked on the ! 
j specimen before testing, a retest shall be allowed. 1 



CARNEGIE STEEL COMPANY 


nr. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE ' 

I 11. Permissible Variationg. The cross-section or weight of each i 
I piece of steel shall not vary more than 2.5 per cent from that ! 
I specified; except in the case of sheared plates, which shall be covered ; 
; by the following permissible variations to apply to single plates: 

; (a) When Ordered to Weight. — • 

For plates 12^2 pounds per sq. foot or over: 

Under 100 inches in width, 2.5 per cent above or below the i 
^ specified weight; 

’ 100 inches in width or over, 5 per cent above or below the 

specified weight. 

For plates under 123-^2 pounds per sq. foot: 

Under 75 inches in width, 2.5 p('r cent above or below the 
specified weight; 

75 to 100 inches, exclusive, in widtli, 5 per cent above or 3 
■ per cent below the specified weight; 

100 inches in width or over, 10 per cent above or 3 per 
cent below the specified weight. 

. (b) When Ordered to Gage. — 

The thickness of ftich plate shall not vary more than 0.0 1 inch 
under that ordered. 

An excess over tlu^ nominal weight corresponding to the dimen- 
; sions on the order shall be allowed for each plate, if not more than , 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pound: 


Thickness 


Nominal 


Amxjwable Exckss 

ExTOfissKD AS Pkkckntagk OF Nominai- Weiqht 
For Width of Plate as follows: 


Ordered, 

Inches 

Pounds 

per 

Square Foot 

Under 
.50 in. 

50 in. 
to 

70 in. 
excl. 

70 in. 
or 

over 

Under 
75 in. 

75 in. 
to 

100 in. 
exch 

100 in. 
to 

115 in. 
excl. 

115 in. 
or i 

over 

^ to %2 

5.10 to G.37 

10 

.5 

20 



.... 


%a to «/,« 

6.37 to 7.6 

8.5 

12.5 

17 





%6to K 

7.65 to 10.20 

7 

10 

15 





H 

10.20 




10 

14 

18 



12.75 




8 

12 

16 


H 

15.30 




7 

10 

13 ! 

17 

%G 

17.85 




6 

® i 

i i 

1 13 


20.40 




5 

7 

9 

I 12 

%0 

22.95 




4.5 1 

6.5 

8.5 

11 


25.50 




4 

® I 

8 

10 

Over H 





3.5 

5 1 

6.5 

0 



STANDARD SPECIFICATIONS 


V. FINISH 

12. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 

VI. MARKING 

’ 13. Marking. The name or brand of the manufacturer and the 

: melt iHftTiber shall be legibly stamped or rolled on all finished 
, material, except that rivet and lattice bars and other small sections 
; shall, when loaded for shipment, be properly separated and marked 
for identification. The identification marks shall be legibly stamped 
on the end of each pin and roller. The melt number shall be 
legibly marked, by stamping, if practicable, on each test specimen. 

VII. INSPECTION AND REJECTION 

14. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
; works whicli concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

; 15. Rejectioii. (a) Unless otherwise specified, any rejection 

' based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples, 
j (5) Material which shows injurious defects subsequent to its 
; acceptance at the manufacturer’s works will be rejected, and the 
; manufacturer shall be notified. 

; 1C. Rehearing. Samples tested in accordance with sec. 5, which 
I represent rejected material, shall be preserved for two weeks from 
! the date of the test report. In case of dissatisfaction with the 
i results of the tests, the manufacturer may make claim for a re- 
I hearing within that time. 



CARNEQIB STEEL COMPANY 


AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 

AKFIHATBD WITH THE 

International Association for Testing Materials 


STANDARD SPECIFICATIONS 


FOR 


STRUCTURAL STEEL FOR BUILDINGS 

Serial Designation: A9-t4. 

The speciflcations for this material are issued under the fixed designa- 
tion A 9; the final nun^her indicates the year of original issue or, in the case 
of revision, the year of last revision. 


Adopted, 1901; Kevisbd, 1909, 1913, 1914. 


I. MANUFACTURE 

1. Process. («) Structural steel, except as noted in par. (I!)), 
may be made by the bessemer-or the open-hearth process. 

(6) Rivet steel, and steel for plates or angles over % inch in 
thickness which are to be punched, shall be made by the open- 
hearth process. 


II. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Composition. The steel shp,!! conform to the following 
requirements as to chemical composition: 


Structural Steel Rivet Steel 

f Bessemer . . . not over 0. 10 per cent 

Phosphorus \ 

lOpen-hearth ** “ 0.06 “ ** not over 0.06 per cent 

Sulphur 0.046 '* *' 
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STANDARD SPECIFICATIONS 

I 3. Ladle Analjaea. An analysis to determine the percentages of ■ 
; carbon, manganese, phosphorus and sulphur shall be made by the ' 
i manufacturer from a test ingot taken during the pouring of each ; 
; melt, a copy of which shall be given to tlu? purchaser or his n^pre- ! 

sentative. This analysis shall conform to the requirements ' 
; specified in sec. 2. 

4. Check Analyses. Analyses may be made by the purchaser : 
■ from fiflislujd material representing each melt, in which case an ' 
: excess of 25 per cent above the requirements specified in sec. 2 
shall be allowed. 


III. PHYSICAL PROPERTIES AND TESTS 

5. Tension Tests, (a) The material shall conform t o the 
following requirements as to tensile properties: 


Properties Considered 

Stnictural Pteel 

Rivet Btoel 

Tensile strength lb. per sq. inch 

Yield point, min lb. per sq. inch 

Elongation in 8 inches, min per cent 

Elongation in 2 inches, rnin per cent 

0.5 tens. str. 
L400.()00« 
tens. sir. 

22 

4(5,000 -5(),(X)0 

0.5 tons. str. 
1,400,000 
tens. sir. 




a See sec. 6. 


(6) Tlie yield point shall be determined by the drop of the 
beam of the testing machine. 

C. Modifications in Elongation, (a) For structural steel over 
inch in thickness, a deduction of 1 from the i>erccntagc of elongation : 
in 8 inches specified in sec. 5 (u) shall be made for each increase ; 
: of inch in thickness above ^ inch to a minimum of 18 per cent. ; 

(6) For structural steel under inch in thickness, a deduction ; 

I of 2.5 from the percentage of elongation in 8 inches specified in | 

: sec. 5 (a) shall be made for each decrease of Mo inch in thickness : 

; below Mo inch. ! 

7. Bend Teats, (a) The test specimen for plates, shapes and ! 
bars, except as specified in par. (&) and (c), shall bend cold through j 
ISO degrees without cracking on the outside of the bent portion, i 
j as follows: For material ^ inch or under in thickness, flat on ; 
i itself; for material over ^/i inch to and including inch in thick- i 
; ness, around a pin the diameter of which is equal to the thickness i 
I of the specimen; and for material over 1 inch in thickness, around ; 


u 



CARNEGIE STEEL COMPANY 

a pin the diameter of which is equal to twice the thickness of the 
specimen. 

(h) The test specimen for pins, rollers and other bars, when 
prepared as specified in sec. 8 (e), shall bend cold through ISO 
degrees around a 1-inch pin without cracking on the outside of the 
bent portion. 

(c) The test specimen for rivet steel shall bend cold through 
180 degrees flat on itself without cracking on the outside of the 
bent portion. 

8. Teat Specimens, (a) Tension-and bend test specimens shall 
be taken from rolled steel in the condition in which it comes from 
the rolls, except as specified in par. (6). 

(6) Tension-and bend test specimens for pins and rollers shall 
be taken from the finished bars, after annealing when annealing 
is specified. 


I 

--About 3'-« ;-Aboutr3^^ 




-rj- 


,\V-i 


I tj: 1 -I'-Etc. 

ut. About 18"- 

Fiqtjhe 1. 


(c) Tension-and bend test specimens for plates, shapes and 
: bars, except as specified in par. (d), (c) and (/), shall be of the full 

thickness of material as rolled; and may be machined to the form ; 
and dimensions shown in fig. 1, or with both edges parallel. 

(d) Tension-and bend test specimens for plates over 1 3^ inch 

in thickness or diameter may be machined to a thickness or diam- 
eter of at least % inch for a length of at least 9 inches. l 

(e) Tension test specimens for pins, rollers and bars over 13^ , 
inch in thickness or diameter may be of the form and dimensions ; 

i shown in fig. 2. Bend test specimens may be 1 by 3^ inch in 
I section. The axis of the specimens shall be located at any point , 
I midway between the center and surface and shall be parallel to ; 
j the axis of the bar. i 

(/) Tension-and bend test specimens for rivet steel shall be I 
of the fullrsizc section of bars as rolled. i 


..12 



STANDARD SPECIFICATIONS 

9. Number of Teats, (a) One tension-and one bend test shall bo 
made from each melt; except that if material from one melt differs 
inch or more in thickness, one tension-and one bend tcist shall be 
made from both the thickest and the thinnest material rolled. 

(h) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen 
is less t+ian that specified in sec. 5 (a) and any part of the fracture 
is more than % inch from the center of the gage length of a 2 inch 
speciriKm or is outside the middle third of the gage length of an 
8 inch specimen, as indicated by scribe scratches marked on the 
specimen before testing, a retest shall be allowed. 



rV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE 

10. Permissible Variations. The cross-scction or weight of each 
pie(;e of steel shall not vary more than 2.5 per cent from that 
specifled; except in the case of sheared plates, which shall be covered 
by the following permissible variations to apply to single plates: 

(a) When Ordered to Weight. — 

For plates 123^ pounds per sq. foot or over: 

Under 100 incln^s in width, 2.5 per cent above or below the 
specified weight; 

100 inches in width or over, 5 per cent above or below the 
specified weight. 

For plates under 12)^ pounds per sq. foot: 

Under 75 inches in width, 2.5 per cent above or below the 
specified weight; 

75 to 100 inches, exclusive, in width, 5 per cent above or 3 
per cent below the specified weight; 

100 inches in width or over, 10 per cent above or 3 per cent 
below the specified weight. 


CARNEGIE STEEL COMPANY 


(&) When Ordered to Gage.— 

The thickness of each plate shall not vary more than 0.0 1 inch 
under that ordered. 

An excess over tlie nominal weight corresponding to the dimen- 
sions on the order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pound: 


Thickneas 

Ordered, 

Inches 


Nominal 

Weight, 

J’ounda 

per 

S(inare Foot 


! Allowable ICxcess 

Expressed as Pkrcentaoe of Nosunal Weight 
j For Width of Plate as follows: 

1 ; 50 in. . ! 75 in. 100 in. ! . 

I Under ! to ; Under to to ; >*'• 

i 50 in. ; 70 in. 75 in. 100 in. i 115 in. 

cxcl. "ver 1 exol. , 


H to 5.10 to 6.37 I 
%2 to , 6.37 to 7.65 j 
to 3i 1 7.65 to 10.20 
34 I 10.20 ■ 

5io 12.75 

=3^ 15.30 I 

■hi I 17.85 ‘ 

Vi 20.40 

O'la ' 22.95 


10 

8.5 

7 


I 


:'8 

Over H 



15 ; 20 

12.5 1 17 

10 I 15 

. . I . . 


10 1 

14 : 

18 


8 

12 

16 


7 , 

10 

13 

17 

6 1 

8 

10 

13 

1 

7 

9 

! 12 

4.5 

6.5 

8.5' n 

4 

6 i 

8 

10 

3.5 , 

5 

6.5 



V. FINISH 

11. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 

VI, MARKING 

12. Marking. The name or brand of the manufacturer and the 
melt numbt.T shall be legibly stamped or rolled on all finished 
material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked 
for identification. The identification marks shall be legibly stamped 
on the end of each pin and roller. The melt number shall be 
legibly marked, by stamping, if practicable, on each test specimen. 

VII. INSPECTION AND REJECTION 

13. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. 


44 



STANDARD SPECIFICATIONS 

The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of 
the works. 

14 l|ejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of 8ami)le8. 

(h) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected and the 
manufacturer shall be notified. 

15. Rehearing. Samples tested in accordance with sec. 4, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 


15 



CARNEOiB STEEL COMPANY 


AMERICAN SOCIETY FOR TESTING MATERIALS 

PUILADELPHIA, PA., U. 8. A. 

AFFILIATED WITH THE 

International Association for Testing Materials 


STANDARD SPECIFICATIONS 


FOB 


STRUCTURAL STEEL FOR LOCOMOTIVES 


Serial Designation: AlO-14. 

The specifleations for this material are issued iindor the fixed designa- 
tion A 10; the final number indicates the year of origirml issue or, in the case 
of revision, the y(3ar of tast revision. 

Adopted, 1912; IlF.viaED, 1913, 1914. 


1. Basisof Purchase. These Specifications apply to shapes, plates 
(except boiler and firebox plates) and bars over ]/% inch in thickness. 

I. MANUFACTURE 

2. Process. The steel shall be made by the open-hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 


Pho.sphorus not over 0.05 per cent 

Sulphur ” " 0.05 “ 


4. Ladle Analyses. An analysis to determine the percentages of 
carbon, manganese, phosphorus and sulphur shall be made by the 
manufacturer from a test ingot taken during the pouring of each 
melt, a copy of which shall be given to the purchaser or his repre- 



STANDARD SPECIFICATIONS 

sentative. This analysis shall conform to the requirements specified 
in sec. 3. 

5. Check Analyses. Analyses may be made by the purchaser 
from finished material representing each melt, which shall conform 
to the requirements specified in sec. 3. 

III. PHYSICAL PROPERTIES AND TESTS 

6. fenaion Tests, (a) The material shall conform to the 
following requirements as to tensile properties: 

Tensile strength 

Yield point, min 

Elongation in 8 inches, min 
See sec. 7. 

{h) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongation, (a) For material over ^4 inch 
in thickness, a deduction of 1 from the percentage of elongation 
specified in sec. 6 (a) shall be made for each increase of inch in 
thickness above 4 inch, to a minimum of 18 per cent. 

(h) For material under ®/ig inch in thicl^ess, a deduction of 
2.5 from the percentage of elongation in 8 inches specified in sec. 
6 (a) shall be made for each decrease of Vie inch in thickness below 
G/io inch. 

8. Bend Testa. The test Specimen shall bend cold through 180 
degrees without cracking on the outside of the bent portion, as 
follows: For material % inch or under in thickness, flat on itself; 
for material over % inch to and including inch in thickness, 
around a pin the diameter of which is equal to the thickness of 
the specimen; and for material over 14 inch in thickness, around 
a pin the diameter of which is equal to twice the thickness of the 
specimen. 

9. Test Specimens, (o) Tension-and bend test specimens shall 
be taken from the finished rolled material. 

(6) Tension-and bend test specimens, except as specified in 
par. (c), shall be of the full thickness of material as rolled; and may 
be machined to the form and dimensions shown in fig. 1, or with 
both edges parallel. 

(c) Tension-and bend test specimens for plates and bars over 
1 % inch in thickness or diameter may be machined to a thickness 
or diameter of at least 4 iiich for a length of at least 9 inches. 


• lb. per sq.. Inch .'55.()00-ti.[).000 
.lb. per sq. Inch 0.5 tons. str. 
percent 

tons. str. 
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CARNBQIB STEEL COMPANY 

10. Number of Tests, (a) One tension-and one bend test shall 
be made from eaeh melt; except that if material from one melt 
differs % inch or over in thickness, one tension-and one bend test 
sliall be made from both the thickest and the thinnest material 
rolled. Shapes less than 1 sq. inch in section, and bars less than 
3^ sq. inch in section, need not be subjected to a tension test. 

(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substiti^ted. 

(c) If the percentage of elongation of any tension test specimen 
is less than that specified in sec. 6 («) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 


^ About 3 -. Y: ^ParilIel8ectiqn.noy_eAs_tMn^ ^AboutS-'^ 


/l’/2 






About 18"- 

Figure 1 


IV. PERMISSIBLE VARIATIONS IN WEIGRT AND GAGE. 

11. Permissible Variations. The cross-soctioii or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified, except in the case of sheared plates, which shall be 
covered by the following permissible variations to apply to single 
plates: 

(a) When Ordered to Weight— 

For plates 12-34 pounds per sq. foot or over: 

Under 100 inches in width, 2.5 per cent above or below the 
specified weight; 

100 inches in width or over, 5 per cent above or below the 
specified weight. 

For plates under 1234 pounds per sq. foot: 

Under 75 inches in width, 2.5 per cent above or below the 
specified weight; 

75 to 100 inches, exclusive, in width, 5 per cent above or 3 
per cent below the specified weight; 

100 inches in width or over, 10 per cent above or 3 per cent 
below the specified weight. 
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{b) When Ordered to Gage. — 

The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 

An excess over the nominal weight corresponding to the dimen- 
sions on tlie order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pound: 


Thickness 

Nominal 

Weight, 

Ali/)wabu: Excbss 

Exphesskd as Pbrcbntaqe of Nominal Weight 

For Width of Plate as follows: 

Ordcrwl, 

Pounds 




1 

75 in. 

100 in. 

116 in. 

Incljes 

per 



70 in. 

Under ' 

to 

to 


Pquaro Foot 

60 in. 

70 in. 

or 

76 in. 

100 in. 

115 in. 

or 



excl. 

over 


cxcl. 

excl. 


to 

,5.10 to 0.37 

10 

15 

20 



.. 


%2 to 

0.37 to 7.05 

8.5 

12.5 

17 





to H ! 

7.05 to 10.20 

7 

10 

15 





K 

10.20 




10 

14 

18 

•• 

yte 

12.75 




8 

12 

16 


H 

15..30 




7 

10 

13 

17 


17.85 




6 

8 

i 10 

13 

H 

20.40 




5 

1 ^ 

9 

1 12 

9/i(. 

22.95 




4.5 

6.5 

! 8.5 

11 

H 

25.50 




4, 

i 0 

! 8 

10 

Over 54 






i 5 

I 6.5 

1 

1 « 


V. FINISH 

12. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 

13. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that small sections shall, when loaded for shipment, 
be properly separated and marked for identification. The melt 
number shall be legibly marked, by stamping, if practicable, on 
each test specimen. 

VII. INSPECTION AND REJECTION 

14. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
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I The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
■ prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

15. Rejection, (a) Unless otherwise specified, any /ejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturoUs works will be rejected, and the 
manufacturer shall be notified. 

16. Rehearing:. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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STANDARD SPECIFICATIONS 


AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 

^ AFFILIATED WITH THE 

Inteunational Association for Testing Materials 

STANDARD SPECIFICATIONS 

FOB 

STRUCTURAL STEEL FOR CARS 

Serial Designation: All-14. 

Tho specifications for this material are issued under tlio flbced designa- 
tion All; the final number indicates tho year of original issue or, in the case 
of revision, the year of last revision. • 

Adopted, 1914, 

1. Basis of Purchase. These spocifications apply to shapes, plates 
and bars over itich in thickness. 

I. MANUFACTURE 

2. Process. The steel shall be made by the open-hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

3. Chemical Composition. The Steel shall conform to the following 
requirements as to chemical composition: 

Structural Steel and 

Plates for Cold Flanoinq Rivet Steel 

. . not over 0.06 per cent not over 0.04 per cent 

“ 0.04 “ •• “ “ 0.04 “ “ 

" 0.05 “ “ ’* “ 0.045" " 


Phosphorus 4^ ‘ 

iBasic 

Sulphur 
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j 4. Ladle Analyses. An analysis to determine the percentages of i 
' carbon, manganese, phosphorus and sulphur shall be made by the ! 
! manufacturer from a tost ingot taken during the pouring of each i 
i melt, a copy of which shall be given to the purchaser or his rcpre- • 
scntative. This analysis shall conform to the requirements specified 
' in sec. 3. 

5. Check Analyses. Analyses may be made by the purchaser 
I from finislied material representing each melt, in whici case an : 

excess of 25 per cent above the requirements specified in sec. 3 , 

; shall be allowed. 

III. PHYSICAL PROPERTIES AND TESTS 


6. Tension Tests, (a) The material shall conform to the 
following requirements as to tensile properties: 


r 

Properties Considered j 

Structural 

Steel 

Riveta, and Plates 
for Cold Flanging 

Tensile strength . . . 


r>0,()00H35,0(K) 

48,000-58,0{X) 

Yield point, min . . . 

lb. per sq. inchi 

0.5 tens. str. 

0.5 tons. str. 

Elongation in 8 inches, min. . . .per coiit«| 

t 

1 ..^>00,000 
tens. str. 

1,500.000 
tens. str. 


^ Sec sec. 7. 


(6) The yield point shall be determined by the drop of the 
; beam of the testing machine. 

7. Modifications in Elongation, (a) For material over % inch 
in' thickness, a deduction of 1 from the percentage of elongation 
; specified in sec. G (a) shall be made for each increase of % inch in 
thickness above ^ inch, to a minimum of 18 per cent. 

(5) For material under inch in thickness, a deduction of 
i 2.5 from the percentage of elongation in 8 inch^ specified in sec. i 
I 6 (a) shall be made for each decrease of He inch in thickness below , 
' %6 inch. I 

: 8. Bend Tests, (a) The test specimen for structural steel shall ! 

J bend cold through 180 degrees without cracking on the outside of the 
I bent portion, as follows: For material % inch or under in thickness, ; 
i flat on itself ; for material over % inch to and including 1 inch in I 
I thickness, around a pin the diameter of which is equal to the f 
i thickness of the specimen; and for material over l}4 inch in thick- i 
■ ness, around a pin the diameter of which is equal to twice the j 
I thickness of the specimen. I 
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(6) The test specimen for rivet steel and plates for cold 
flanging shall bend cold through 180 degrees flat on itself without 
cracking on the outside of the bent portion. 

9. Test Specimens, (a) Tension-and bend test specimens shall 
be taken from the finished rolled material. 

(6) Tension-and bend test specimens, except as specified in 
par. (c), shall be of the full thickness of material as rolled; and 
may be ^nachined to the form and dimensions shown in fig. 1, or 
with both edges parallel. 

(c) Tension-and bend test specimens for plates and bars over 
13^ inch in thickness or diameter may be machined to a thickness 
or diameter of at least ^4 inch for a length of at least 9 inches. 

10. Number of Tests, (a) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
difTers inch or more in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 
rolled. Shapes less than 1 sq. inch in section, and bars, except 
rivet rods, less than sq. inch in section, need not be subjected 
to a tension test. 



j -1^- I'^ l'-Etc. 

Vi — About 13" 

Fioure 1. 


(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen 
is less than that specified in see. 6 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE 

11. Permissible Variations. The cross-sectiou or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; excrept in the case of sheared plates, which shall be 
, covered by the following permissible variations to apply to single 
plates; 


23 


CARNEQIE STEEL COMPANY 

; (a) When Ordered to Welflrht — 

For platos 1234 pounds per sq. foot or over: 

Under 100 inches in width, 2.5 per cent above or below the 
specified weight; i 

100 inches in width or over, 5 per cent above or below the , 
specified weight. 

! For plates under 1234 pounds per sq. foot: 

Under 75 inches in width, 2.5 per cent above or iTelow the 
specified weight; 

, 75 to 100 inches, exclusive, in width, 5 per cent above or 3 

per cent below the specified weight; 

100 inches in width or over, 10 per cent above or 3 per cent 
below the specified weight. 

r (6) When Ordered to Gage. — 

, The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 

i 

An excess over the nominal weight corresponding to the dirnen- 

: sions on the order shall be allowed for each plate, if not more than 

■ that shown in the following table, one cubic inch of rolled steel 
b(‘ing assumed to weigh 0.2833 pound: 


Au-OWABI.B Ex<.'B98 


Thifikness 

Ordered, 

Inehea 

' 

Nominal 

WeiRht, 

Kxi'KnasED AS Pekcentaok ok Nominal Wkioht 

For Width of IMate uu follows: 

Pounds 

per 

Square Foot 

Under 
50 in. 

50 in. 
to 

70 in. 
exel. 

70 in. 
or 

over 

Under 
75 in. 

75 in. 
to 

100 in. 
excl. 

100 in. ' 
to 

115 in. I 
cxol. 

115 in. 
or 

over 

H to 'fk* 

5. 10 to 6.37 

10 

15 

20 





%’J to '* 1(1 

0.37 to 7.Gr» 

8.5 

12.5 

17 


.. 



•hn to *4 

7.63 to 10.20 

7 

10 

15 



•• 



10.20 




10 

14 

18 I 



12.75 




8 

12 

16 ' 


Vh 

15.30 

1 



7 

10 ; 

13 : 

17 


17.85 




6 1 

8 ^ 

10 

13 


20.40 



1 

5 ' 

7 ; 

9 

12 

Mo 

22.95 



i • • 1 

4.5 

6.5 : 

8.5 ' 

11 


25.50 




4 i 

6 : 

8 ; 

10 

Over ^ 


■ ■ 1 



' 3.5 i 

5 1 

6.5 

9 


V. FINISH 1 

12. Finiah. The finished material shall be free from injurious | 
! defects and shall have a workmanlike finish. i 
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VI. MARKING 

13. Marking. The name or brand of the manufacturer and the 
; melt number shall be legibly rolled or stamped on all finished 

material, except that rivet bars and other small sections shall, when 
loaded for shipment, be properly separated and marked for identi- 
fication. The melt number shall be legibly marked, by stamping, 
if practicable, on each test specimen. 

VII. INSPECTION AND REJECTION 

14. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purcliaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of tlie material ord(‘red. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (exct'pt check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere uijnecessarily with the operation of the 
works, 

15. Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec;. 5 shall be reported 
within five working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its 
' acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 

16. Rehearing. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 

■ results of the tests, the manufacturer may make claim for a re- 
, hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PUILADELPUIA, PA., U. S. A. 

AFFILIATED WITH THE ^ 

International Association for Testing Materials 


STANDARD SPECIFICATIONS 

FOR 


STRUCTURAL STEEL FOR SHIPS 

Serial Designation: A 12- 14. 

The speclflcations for this material are Issued under the fixed designa- 
tion A 12; the final number indicator the year of original issue or, in the case 
of revision, the year of last revision. 

Adopted, 1901; Revised, 1909, 1913, 1914. 


I. MANUFACTURE 

1. Procesa. The steel shall be made by the opcn-hcarth process. 

II. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Composition. The steel shall eonform to the following 
requirements as to chemical composition: 

^ fAcld. 

Phosphorus^^^j^ 

Sulphur 

3. Ladle Anaiyaes. An analysis to determine the percentages of 
j carbon, manganese, phosphorus and sulphur shall be made by the 
I manufacturer from a test ingot taken during the pouring of each 
I melt, copy of which shall be given to the purchaser or his repre 

I sentative. This analysis shall conform to the requirements specified 
I in sec. 2. 


, not over 0.06 per cent 
. •• 0.04 ” •• 

, “ 0.05 “ “ 
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4. Check Analyses. Analyses may be made by the purchaser 
' from finished material representing each melt, in which case an 
' excess of 25 per cent above the requirements specified in sec. 2 
shall be allowed. 


III. PHYSICAL PROPERTIES AND TESTS 

5. Tension Teats, (a) The material shall conform to the 
following ‘requirements as to tensile properties: 


Tensile strength 

Yield point, min 

EloHgathiii in 8 Inches, min. 
8co see. G. 


lb. per sq. inch 58,000-68,000 
lb. per sq. inch 0.5 tens. str. 
percent 

tens. str. 


(b) ' Tlu^ yii'ld poini shall be det(‘rmincd by the drop of the 
beam of the testing machine. 


.S, 


K- About 3- 


^ ' . Parallel section not less than 9" ^ 

Si f " 

1 i i 

* About-3^ 


^r77T'.\ . 

till 1 


..1 

About 18'" 




Fiouue 1. 


6. Modifications in Elongration. (a) For material over H inch 
in thickness, a deduction of 1 from the percejitage of elongation • 
sp(Mufied in sec, 5 (a) shall be made for (‘a<;h increase of }4 inch 
in thickness above 'ji inch, to a minimum of 18 per cent. 

(5) For material 34 inch or under in thickness, the elongation 
shall be measured on a gage length of 24 times the thickness of ! 
! the specimen. 

; 7. Bend Teats. The test specimen shall bend cold through 180 

I degrees without cracking on the outside of the bent portion, as ; 

follows: For material % inch or under in thickness, around a ■ 
i pin the diameter of which is equal to the thickness of the specimen, * 
I for material over % inch to and including 134 iiich in thickness ! 

' around a pin the diameter of which is equal to 1 34 times the thick- j 

\ ness of the specimen; and for material over 134 ii^ch in thickness, ; 

I around a pin the diameter of which is equal to twice the thickness 

j of the specimen. | 
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i 8. Teat Specimena. (a) Tension-and bend test specimens shall i 
; be taken from the finished rolled material, and shall not be annealed 
; or otherwise treated, except as specified in par. {b). 

(h) Tension-and bend test specimens for material which is 
to be annealed or otherwise treated before use, shall be cut from 
: properly annealed or similarly treated short lengths of the full 
‘ section of the piece. 

(c) Tension-and bend test specimens, except as specified in 
par. (d), shall be of the full thickness of material as rolled; and 
may be machined to the form and dimensions shown in fig. 1, or 
with both edges parallel. 

(d) Tension-and bend test specimens for plates and bars over 
II 2 imih in tliickness or diameter may be machined to a thickness 
or diameter of at least 34 inch for a length of at least 9 inches. 

9. Number of Tentfl. (a) One tension-and one bend test shall 

• be made from each melt; excrept that if material from one melt , 
; differs inch or more in thickness, one tension-and one bend Lest 

shall be made from both the thickest and the thinnest material 
; rolled. 

(6) If any test specimen shows defective machining or develops ! 
■ flaws, it may be discarded and another specimen substituted. 

, (c) If tlie percentage of elongation of any tension test specimen 

i is less than that specified in sec. 5 (a) and any part of the fracture 
! is outside the middle third of the gage length, as indicated by 
I scribe scratches marked on the specimen before testing, a retest ^ 

• shall be allowed. 

rV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE 

1 10. Permissible Variations. The cross-section or weight of each j 
; piece of steel shall not vary more than 2.5 per cent from that ; 
I specified; except in the case of sheared plates, which shall be i 

I covered by the following permissible variations to apply to single i 

i plates: i 

j (a) When Ordered to Weight — 

For plates 12 yz pounds per sq. foot or over: i 

Under 100 inches in width, 2.5 per cent above or below the I 
specified weight; \ 

100 inches in width or over, 5 per cent above or below the 
: specified weight. 
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For plates under 123 ^ pounds per sq. foot: 

Under 75 inches in width, 2.5 per cent above or below the 
specified weight; 

75 to 100 inches, exclusive, in width, 5 per cent above or 3 
per cent below the specified wciglit; 

100 inches in width or over, 10 per cent above or 3 per cent 
below the specified weight. 

(5) When Ordered to Gage. — 

The thicikness of each plate shall not vary more than 0.01 inch 
under that ordered. 

An excess over the nominal weight corresponding to the dimen- 
sions on the order shall be allowed for leach plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2S33 ])oiind: 






AT,rX)WABLE ]'],XCEBR 




Nominal 

Weight, 

Expressed as Percentack ok Nominal Wkight 


Thickness 


For Width of Plato as follows: 



Ordered, 

Pounds 



70 in. 
or 


75 in. ; 

100 in. 


Inches 

I)cr 

Square Foot 

Under 
50 in. 

to 

70 in. 

Under 

7.") in. 

to 1 
100 in. ! 

to 

115 in. j 

115 in. 
or 




O-ACl. 

over 


cxcl. 

oxcl. i 

over 

Vs tO%o 

5.10 to 6.37 

10 

.5 

20 

*1 

! 

1 


to '‘i,, 

0.37 to 7.05 

8.5 

12.5 

17 

•• i 




‘Tie to 

7.05 to 10.20 

7 

10 

15 

•• 


. . ' 


H 

10.20 




10 1 

14 

18 



12.75 





12 i 

1(5 


% 

15.30 



• * i 

7 1 

10 

13 

17 

Tie 

17.85 



1 

G ‘ 

8 ; 

10 

13 


20.40 



• • j 

5 i 

7 

0 

12 

‘Km 

22.05 


• • 1 


4.5' 

6.5 

8.5 

11 


25.50 

j 

• * j 


i 

6 

8 

10 

Over 

1 



I ' ’ ! 

3.5 1 

5 

6.5 

0 


V. FINISH 

11. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 


VI. MARKING 

12. Marking. The name or brand of the manufacturer and the : 
melt number shall be legibly rolled or stamped on all finished j 
material. The melt number shall be legibly stamped on each test j 
specimen. j 
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; VII. INSPECTION AND REJECTION ' 

13. Inspection. The inspector representing the purchaser shall 
; have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's ; 
j works which concern the manufacture of the material ordered. ^ 
The manufacturer shall afford the inspector, free of cost, all reason- ; 

: able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
: ducted as not to interfere unnecessarily with the operation of the • 
■ works. 

; 14. Rejection, (ct) Unless otherwise specified, any rejection 

i based on tests made in accordance with sec. 4 shall be reported 
! within five working days from the receipt of 8amj)le8. 

(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
' manufacl urer shall be notified. 

15. Rehearing. Samples tested in accordance with sec. 4, which 
i represent rejected material, shall be preserved for t.wo weeks from 
! the date of the tc^ report. In case of dissatisfaction with the 
1 results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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STANDARD SPECIFICATIONS 


AMERICAN SOCIETY FOR TESTING MATERIALS 

PUILADELPHIA, PA., U. 8. A. 

. AFFILIATED WITH THE 

International Asboiiation for Testing Materials 


STANDARD SPECIFICATIONS 

FOR 

RIVET STEEL FOR SHIPS 

Serial Designation: A13-14. 

Tho specifications for thi.s material are issued under the fixed designa- 
tion A i;i ; the final number indicates the year of original issue or, in the case 
of revision, tho year of liist revision. 

Adopted, 1901; Revised, 1900, 1913, 1914. 


A, Requirements for Rolled Bars. 


I. MANUFACTURE 

1. Process. The steel shall be made by the open-hearth process. ■ 


» II. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Composition. The Steel shall conform to the follow- 
‘ ing requirements as to chemical composition: 


jAcid 


.not over 0.06 per cent 


Sulphur “ “ 0.045 “ 

3. Ladle Analyses. An analysis to determine the percentages of 
! carbon, manganese, phosphorus and sulphur shall be made by the : 
; manufacturer from a test ingot taken during the pouring of each ! 
; melt, a copy of which shall be given to the purchaser or his repre- ‘ 
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; sentative. This analysis shall conform to the requirements speci- 
fied in sec. 2. 

4. Check Analyses. Analyses may be made by the purchaser 
, from finished bars representing each melt, in which case an excess 
of 25 per cent above the requirements specified in sec. 2 shall be 
allowed. 


111. PHYSICAL PROPERTIES AND TESTS 

5. Tension Tests, (o) The bars shall conform to the following 

■ requirements as to tensile properties: 

Tensile strength 

Yield point, min 

Elongation in 8 inches, min 
sec. 6. 

(5) Tlie yield point shall be determined by the drop of the 
bcarrt of tln^ testing machine. 

6. Modifications in Elongation. For bars over inch ill diameter, 
a dt'duction of 1 from the percentage of elongation specified in 
sec. 5 (a) shall be hiade for each increase of iueli in diameter 
above inch. 

7. Bend Tests. The test specimen shall bend cold through 180 
' (h^grees flat on itself without cracking on the outside of the bent 

portion, 

8. Test Specimens. Tension -and bend test speeimeris shall be of 
the full-size section of bars as rolled. 

0. Number of Tests, (a) Two tension-and two bend test s shall 
be made from each melt, (‘ach of which shall conform to the require- 
ments sjiecified; except that if bars from one melt ditfer or 

more in diameter, one tension-and one bend test shall be made from 
both the greatest, and the least dianietiTS rolled. 

(6) If any test specimen develops flaws, it may be discarded I 

■ and another specimen substituted. I 

(c) If the percentage of elongation of any tension test specimen j 
is less than that specified in sec. 5 (a) and any part of the fracture ; 
is outside the middle third of the gage length, as indicated by j 
scribe scratches marked on the specimen before testing, a retest i 
shall be allowed. ! 


lb. porsq. inch 5r>,0(K)-6r),000 

. . . lb. per sq, inch 0..5 tens. str. 
pe?r cent 


1 .r>o o.ooo 
tens. str. 
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IV. PERMISSIBLE VARIATIONS IN GAGE 

10. Permissible Variations. The gago of bars 1 inch or under in 
: diameter shall not vary more than 0.01 inch from that si)ecificd; 

the gago bars over 1 inch to and including 2 inches in diameter 
shall not vary more than inch under nor more thatj M {2 inch over 
that specified. 

V. FINISH 

11. Finish. The finished bars shall be free from injurious 
. defects and shall have a workmanlike finish. 

VI. MARKING 

12. Markins:. Rivet bars shall, when loaded for shipment, be 
prop(Tly Bei)arated and marked with the name or brand of the ■ 
manufaclurer and the melt number for identification. The melt 
number shall be legibly marked on each test specimen. 

VII. INSPECTION AND REJECTION 

13. Inspection. The inspector representing the purchaser shall 
i have free entry, at all times while work on the contract of the 

: purchaser is being performed, to all parts of the manufacturer’s ' 
; works which concern the manufacture of the bars ordered. The 
' manufacturer shall afford the inspector, free of cost, all reasonable 
i facilities to satisfy him that the bars are being furnished in accord- 
' an(!e with these specifications. All tests (except check analyses) 

I and inspection shall be made at the place of manufacture prior to 
; 8liij)inent, unless otherwise specified, and shall be so conducted ^ 
as not to interfere unnecessarily with the operation of the works. 

14. Rejection, (a) Unless otherwise specified, any rejection 
based on te.sis made in accordance with sec. 4 shall be reported 

: within five working days from the receipt of samples. 

{b) Bars which show injurious defects subsequent to their 
. acceptance at the manufacturer’s works will be rejected, and the 
; manufacturer shall be notified. i 

15. Rehearing. Samples tested in accordance with sec;. 4, which j 
represent rejected bars, shall be preserved for two weeks from the : 

> (late of th(5 test report. In case of dissatisfaction with the results : 

ol the tests, the manufacturer may make claim for a rehearing I 
' w ithin that time. 
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B. Requirements for Rivets. 

I. PHYSICAL PROPERTIES AND TESTS 

16. Test Certificate of Rolled Bars. A copy of the results of tension 
tests of the rolled bars from which the rivets were made shall be 
furnished for each lot of rivets. 

17. Tension Tests. If the test certificate required in sccT 16 can- 
not be furnislied, tlu; rivets sliall conform to the requirements as 
to tensile properties specified in sec. 5 and 6, except that the 
elongation shall be measured on a gage length as great as the 
length of the rivets tested will permit. 

18. Bend Tests. The rivct shank shall bend cold through 180 
degrees fiat on itself, as shown in fig. 1, without cracking on the 
outside of the bent portion. 



Fkujue 1. Figure 2. 


19. Flattening Tests. The rivet head shall flail en, while hot, to a 
diameter 2^ times the diameter of the shank, as shown in fig. 2, 
without cracking at the edges. 

20, Number of Tests, (a) When required in accordance with 
sec. 17, one tension test shall be made from each size in each lot 
of rivets olTercd for insrs'ction. 

{b) Three bend -and three flattening tests shall be made from 
each size in each lot of rivets offered for inspection, each of which 
shall conform to the requirements specified. 


II. WORKMANSHIP AND FINISH 

21. Workmanship. The rivets shall be true to form, concentric, 
and shall be made in a workmanlike manner. 

22. Finish. The finished rivets shall be free from injurious 
defects. 
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III. INSPECTION AND REJECTION 

23. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the rivets ordered. Tlie 
manufa(;turer shall afford the inspector, free of cost, all r(?asonable 
facilities to satisfy him that the rivets are being funiislied in accord- 
ance wifli these specifications. All tests and inspection shall be 
made at the place of manufacture prior to sliipinent, unless other- 
wise specified, and shall be so (conducted as not to interfere uhncces- 
sarily with the operation of the works. 

24. Rejection. Hi vets w'hich show injurious defects subsequent 
to their acceptance at the manufacturer’s works will be reject(‘d, 
and the manufacturer shall be notified. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 

AFFILIATED WITH TUB 

International Association for Testino Materials 


STANDARD SPECIFICATIONS 

roR 

BOILER AND FIREBOX STEEL 

Serial Designation: A30-14. 

The specifications for this material arc issued under the fixed designa- 
tion A 30; tiio final numlxT indicates the year of original issue or, in the case 
of revision, the year of ^ast revision. 

Adopted, 1901: Revised, 1900, 1912, 1913, 1914. 


1. Grades. These Specifications cover two grades of steel for 
boilers, namely: flange and firebox. 

I. MANUFACTURE 

2. Process. The steel shall be made by the open-hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 


3. Chemical Composition. The steel shall conform to the following i 
requirements as to chemical composition: | 



Flange 

Firebox 

Carbon 

.... per cent 

0.12-0.25 per cent 

Manganese 

0.:J0-O.60 •' 

0.:i0-().50 “ “ 

[Acid 

... .not over O.O,') “ 

not over 0.04 " “ 

Phosphorus|^_^,^ 

. “ “ 0.04 " •• 

“ “ 0.0.35“ “ 

Sulphur 

‘ “ 0.05 “ “ 

“ “ 0.04 “ “ 

Copper. . . 


“ “ 0.05 “ “ 
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4. Ladle AnalyseB. An analysis shall be made by the manu- 
facturer from a test ingot taken during the pouring of each melt, 
a copy of which shall be given to the purchaser or his representative. 
This analysis shall conform to the requirements specified in sec. 3. 

5. Check Analyses. Analyses may be made by the purchaser 
from a broken tension test specimen representing each plate as 
rolled, which shall conform to the requirements specified in sec. 3. 


III. PHYSICAL PROPERTIES AND TESTS 

6. Tension Tests. («) The material shall conform to the 
following requirements as to tensile properties: 

Flanou Fihedox 

Tensile strength lb. per sq. inch 55,000-65,000 52,000-62,000 

Yield point, min lb. per sq. inch 0.5 tons. str. 0.5 tons. sir. 


Elongation in 8 inches, min . . .per cent 
See 800 . 7. 


1..5(X).000 
tens. str. 


0.5 tons. str. 
1,. '>00, 000 
tons, str." 


{b) The. yield point shall be determined by the drop of the 
beam of the testing tmu^hine. 

7. Modifications in Elongation, (a) For material over inch in 
thickness, a deduction of 0.5 from the percentages of elongation 
specified in sec. 0 (u) shall be made for each increa.se of « ihch in 
thickness above % inch. 

{h) For material or under in thickness, the elongation 

shall be measured on a gage length of 24 times the thickness of 
the specimen. 

S. Bend Tests, (a) Cold-hend Tests . — The test specimen shall 
bend cold through 180 degrees without cracking on the outside of 
the bent portion, as follows: For material 1 inch or under in 
I thickness, flat on its<df; and for material over 1 inch in thickness, 
around a pin the diameter of which is equal to the thickness of the 
; specimen. 

i (b) Quench-hend Tests . — The test specimen, when heated to a 
I light cherry red as seen in the dark (not less than 1200® F.) and 
I quenched at once in water the t emperature of which is between 80° 
i and 90° F., shall bend through 180 degrees without cracking on 
I the outside of the bent portion, as follows: For material 1 inch 
i or under in thickness, flat on itself; and for material over 1 inch 
I in thickness, around a pin the diameter of which is equal to the 
j thickness of the specimen. 
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9. Homogeneity Teste. For firebox steel, a sample taken from 
a broken tension test specimen shall not show any single seam or 
cavity more than inch long, in cither of the three fractures 
obtained in the test for homogeneity, which shall be made as follows: 
The specimen shall be either nicked witli a chisel or grooved 
on a machine, ( raosversely, about Vig inch deep,, in three places 
about 2 inches apart. The first groove shall be made 2 inches from 
the square end ; each succeeding groove shall be made on the opposite 
side from the preceding one. The specimen shall theil be firmly 
held in a vise, with the first groove about 34 inch above the jaws, 
and the projecting end broken off by light blows of a hammer, 
the bending being away from the groov<\ The specimen shall be 
broken at the other two grooves in the same manner. The object 
of this test is to open and render visible to the eye any seams 
due to f.-tilure to weld up or to interposed foreign matter, or any 
cavities due to gas bubbles in the ingot. One side of each fracture 
shall be examined and the lengths of the seams and cavities deter- 
mined, a pocket lens being used if necessary. 



I • l"~r-Etc. 

*<• — About 18" 

Figure 1. 


10, Test Specimens. Tension-and bend test specimens shall be 
: taken from the finished rolled material. They shall be of the full 

thickness of material as rolled, and shall be machined to the form 
and dimensions shown in fig. 1; except that bend test specimens 
may be machined with both edges parallel. 

11. Number of Tests, (a) One tension-, one cold-bend-, and one ; 
quench-bend test shall be made from rach plate as rolled. 

(6) If any test specimen shows defective machining or develops 
i flaws, it may be discarde<l and another spetumeii substituted. i 
(c) If the percentage of elongation of any tension test specimen 
i is less than that specified in sec. 6 (a) and any part of the fracture : 
i is outside the middle third of the gage length, as indicated by i 
j scribe scratches marked on the specimen before testing, a retest 
I shall be allowed. 
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IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE 

1 2. Permissible Variations. When Ordered to Gage . — 

The thifskness of each plate shall not vary more than 0.01 inch 
under that ordered. 

An excess over the nominal weight corresjxjnding to the dimen- 
sions on the order shall be allowed for each plate, if not more than 
that show® in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pound: 


Thiokncaa 

Ordered, 

Inches 

Nominal 

Weight, 

Pounds 

per 

Square FfKit 

Allowable I’xcess 

Expuessed a.s Peiicentaob oe Nominal Weigut 

For Wiilth of Plate as follows: 

Under 
50 in. 

50 in. 
to 

70 in. 
excl. 

70 in. 
or 

over 

Under 
75 in. 

75 in, ' 100 in. 

to 1 to 

100 in. ’ 115 in. 
excl. excl. 

115 in. 
or 

over 

to %•,> 

5.10 to 6..37 

10 

ir, 

20 


1 


■jfja to yifl 

0.37 to 7.05 

8.5 

12.5 

17 




'Vm to I4 

: 7.65 to 10.20 

7 

10 

15 






10.20 





10 

14 1 18 


‘jifl 

12.7,5 




8 

12 j 16 


Vs 

15.30 




7 

10 13 

17 

Via 

17.)^5 




6 ' 

8 10 

13 


20.40 j 




5 * 

7 ! 0 1 

1 12 

Via 

22.05 




4.5 

0..5 i ».r, 

11 


25.50 




4 

6 1 8 

10 

Over 5-8 





.3.5 

5 6.5 

' 9 

1 


V. FINISH 

13. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 

VI. MARKING 

14. Markins. The name or brand of the manufacturer, melt or 
slab number, grade, and lowest tensile strength for its grade specified 
in sec. 6 (a), shall be legibly stam])cd on each plate. The melt 
or slab number shall be legibly stamped on (‘ach test specimen. 


VII. INSPECTION AND REJECTION ! 

15. Inspection. The inspector representing the purchaser shall | 
have free entry, at all times while work on the contract of the pur- - 
chaser is being performed, to all parts of the manufacturer's ■ 
works which concern the manufacture of the material ordered, j 
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The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except clieck 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of 
the works. 

IG. Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within live working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 

17. Rehearing. Samples tested in accordance with sec. o, which 
reprosimt rejected material, shall be preserved for two weeks from 
the (lat(; of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 



STANDARD SPECIFICATIONS 


AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 

A.l''l-'1LIATB1> WITH TUB 

International Association for Testing Materials 


STANDARD SPECIFICATIONS 


FOR 


BOILER RIVET STEEL 

Serial Designation: A31-14. 

Tho spociflcailons for this material are issued under the fixed designa- 
tion A : the final number indicaUss tho year of original issue or, in the case 
of revision, the year of last revision. • 

Adopted, 1901; Revised, 1909. 1912, 1913, 1914. 


A. RcquircmcMs for Rolled Bars. 


I. MANUFACTURE 

1. Process. Tlie steel shall be made by the open-hearth process. 


II. CHEMICAL PROPERTIES AND TESTS 

; 2. Chemical Composition. The steel shall conform to the following 

requirements as to chemical composition: 


Manganese 0.30-0.50 per cent 

Phosphorus not over 0.04 “ “ 

Sulphur *' “ 0.045“ “ 


3. Ladle Analyses. An analysis to determine tho percentages of 
i carbon, manganese, phosphorus and sulphur shall be made by the 
i manufacturer from a test ingot taken during the pouring of each 
j melt, a copy of which shall be given to the purchaser or his repre- 
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Bcntative. This analysis shall conform to the requiremems speci- 
fied in sec. 2. 

4. Check Analyses. Analyses may be made by the purchaser 
from finwhed bars representing each melt, which shall conform to 
the requirements specified in sec. 2. 

III. PHYSICAL PROPERTIES AND TESTS 

5. Tension Testa. («) The bars shall conform to the following 
requirements as to tensile properties: 

Tensile strength lb. per sq. Inch 4.^,000-.'>.'S,000 

Yield point, niln .lb. per .sq. inch O.f) tens. str. 

Elongation in 8 inche.s. rain per cent l./>Qb bf)o 

but not to exceed .80 per cent. tens. str. 

(ft) The yield point shall be determined by tlie drop of the 
beam of the testing rnacliine, 

6. Bend Teats, (tt) Cold-bend Tests . — The test specimen sliall 
. bend cold through 180 degrees flat on itself without cracking on 

the outside of the bent portion. 

(ft) Quench-hend Tests. —The/ toBt specimen, when heated to 
a light cherry red a^seen in the dark (not less than 1200'^ F.) and 
quenched at once in water the temperature of which is between SO'" 
and 90® F., shall bend through 180 degrees flat on itself without 
cracking on the outside of the bent port ion. 

7. Teat Specimens. Teiision-and bend test specimens shall b(' of 
, the full-size; 8(;ction of bars as rolled. 

8. Number of Testa, (a) T WO tension-, t WO cold-bcnd-, and t WO 
quench-bend tests shall be made from each melt, each of which 
shall conform to the requirements specified. 

(ft) If any test specimen develops flaws, it may be discarded 
and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen ; 
i is less than that specified in sec. 5 (a) and any part of the fracture i 
i is outside t he middle third of the gage length, as indicated by ! 
j scribe scratches marked on the specimen before testing, a retest : 
j shall be allowed. | 

! IV. PERMISSIBLE VARIATIONS IN GAGE | 

! 9. Perraiwibie Variation*. The gage of each bar shall not vary | 

I more than 0.01 inch from that specified. j 
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V. WORKMANSHIP AND FINISH 

10. Workmanship. The finished bars shall be circular wilhin 

O.Ol inch. , 

11. Finish. The finished bars shall be free from injurious 
defects and shall have a workmanlike finish. 

VI. MARKING 

« 

12. Marking. Rivet bars shall, when loaded for shipment, be 
properly separated and marked with the name or brand of the 
manufacturer and the melt number for identification. The melt 
number shall be legibly marked on each test specimen. 

VII. INSPECTION AND REJECTION 

13. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being p(^rformed, to all parts of the manufacturer’s 
works which coiuu'rn the manufacture of the bars ordi^red. The 
manufacturer sliall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall b<^ made at the i)hxce of manufacture 
prior to shipment, unless ot herwi.se specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

14. Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 1 shall be reported 
within five working days from the receipt of 8ami)le8. 

(h) Bars which show injurious defects .subsequent to their 
acceptance at the manufacturer’s w^orks will be rejected, and the 
manufacturer shall be notilied. 

15. Rehearing. Samples tested in accordance with sec. 4, which 
re|)resent rejected bars, shall be preserved for twm weeks from the 
date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing 
within that time. 

B. Requirements for Rivets. 

I. PHYSICAL PROPERTIES AND TESTS 

16. Tension Tests. The rivets, when tested, shall conform to the 
requirements as to tensile properties specified in sec. 5, except 
that the elongation shall be measured on a gag^ length not less 
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than four times the diameter of the rivet. 

17. Bend Teste. The rivet shank shall bend cold through 180 
degrees flat on itself, as shown in fig. 1, without cracking on the 
outside of the1)ent portion. 

18. Flattening Teste. The rivet head shall flatten, while hot, to 
a diameter 2)^ times the diameter of the shank, as shown in fig. 2, 
without cracking at the edges. 



Ficuiiii 1. Figuhe 2. 


19. Number of Teste, (a) When specified, one tension test shall 
be made from each size in each lot of rivets offered for inspection. 

(6) Tliree bend-and three flattening tests sliall be made from 
each size in each lot of rivets offered for inspection, each of which 
shall conform to the requirements sp«‘cified. 

i 

II. WORKMANSHIP AND FINISH 

20. Workmanship. The rivels shall be (rue to form, concentric, 
and shall be made in a workmanlike manner. 

21. Finish. The finished rivets shall be free from injurious 
defects. 


III. INSPECTION AND REJECTION 

22. Inspection. The inspector representing tlie i)ur(diaser shall 

have fr(‘.e entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s! 
works wliich concern the manufacture of the rivets ordered. The ■ 
manufacturer shall afford the inspector, free of cost, all reasonable; 
facilities to satisfy him that the rivets arc being furnished in| 
accordance with these specifications. All tests and inspection! 
shall be made at the place of manufacture prior to shipment, ; 
unless otherwise si)ccifled, and shall be so conducted as not to ; 
interfere unnecessarily with the operation of the works. i 

23. Rejection. Hivets which show injurious defects subsequent: 

to their acceptance at the manufacturer’s works will be rejected, i 
and the manufacturer shall be notified. { 




STANDARD SPECIFICATIONS 


AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. .S. A. 

^ AFFILIATEO WITH THE 

International Absociation for Testing Materials 


STANDARD SPECIFICATIONS 


STRUCTURAL NICKEL STEEL 


Serial Designation: A8-14. 

The specifications for this material are issued under tlio fixed designa- 
tion A 8; the filial number indicates tiio year of original issu(5 or, in the case 
of revision, tlio year of last revision. • 


Adopted, 1912; Kevibbd, 1913, 1914. 


I. MANUFACTURE 

1. Process. The steel shall be made by the open-hearth process. 

2, Discard. A sufficient discard shall be made from each ingot 
intended for eye bars to secure freedom from injurious piping and 
undue segregation. 


II. CHEMICAL PROPERTIES AND TESTS 


3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition. 


; Carbon 

; Mangano.so 

i Phosphorus|^^^^ 

j Sulphur.... 

I Nickel 


Structural Steel 
not over O. l.'i per cent 

“ “ 0.70 “ “ 

“ “ 0 . 0 ."> “ “ 

" “ 0.04 " •• 

.. .. .. .. 

not under 3.2.5 “ 


Rivet Steel 

not over 0.30 per cent 

.. .. .. .. 

“ " 0.04 “ " 

“ " 0.03 “ •• 

“ 0.45 “ “ 

not under 3.25 “ “ 
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4. Ladle Analyses. An analysis shall be made by the manu- 
facturer from a test ingot taken during the pouring of each melt, 
a copy of which shall be giviui to the purchaser or his represeni al ive. 
This analysis shall conform to the requirements specified in sec. 3. 

5. Check Analyses. Analyses may be made by the pundiaser 
from finished material represeni ing each melt, which shall conform 
to the n?quirements specified in sec. 3. 

V 

III. PHYSICAL PROPEIITIES AND TESTS 


6. Tension Tests, {a) The material shall conform to the 
following requirements as to t(‘nsile ])roperties: 


Properties Considered i 


i 

Rivet Steel i 

i 


Plates, Shapes 
and Bars 


Eye Bara and 
Rollers, c 
Unanneak^l 


Eye Bars a and 
Pins, c 
Annealetl 


Ton.silo strength, I 
Ib. per s<i. inch 
Yield point, tnin., 
lb. per sq. inch 
Elongation in 
S indies, 
rniu., per cent 
Elongation in 
2 inches, 
min., per cent 
Reduction of area 
min., per cent 


70,000- 80, OOO'sr), 000-100, 000, '.15, 000-1 10, 000 00,000- lO.'i, 000 


4.'>,0()0 


50,000 


>.000 


52,000 


1 ,,500.000 
tous.^str. 


l..5(K),0006 
tens, sir. 


1..500.0(X)fr 
tens. Btr. 


20 


40 


25 


10 

25 


20 

35 


a Ttists of annealed specimens of eye bars shall be made for information only 
b Sec see, 7. 

c Elongation shall be measure i in 2 inches. 


(h) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongations. For plates, shapes and unarinealed 
bars over 1 inch in thickness, a deduction of 1 from the percentage 
of elongation specified in sec. G (a) shall be made for each increase 
of 3^ inch in thickness above 1 inch, to a minimum of 11 per cent. 

8. Character of Fracture. All broken tension test specimens shall 
show either a silky or a very fine granular fracture, of uniform 
color, and free from coarse crystals. 

9. Bend Testa, (o) The test specimen for plates, shapes and 
bars shall bend cold through 180 degrees without cracking on the 
outside of the bent portion, as follows: For material % inch or 
under in thickness, around a pin the diameter of which is equal to 
the thickness of the specimen; and for material over % inch in 
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thickness, around a pin the diameter of which is equal to twice the 
thickness of the specimen. 

(/>) The test specimen for pins and rollers shall bend cold 
through 180 degrees around a 1-inch pin without cracking on the 
outside of the bent portion 

(c) The test specimen for rivet steel shall bend cold through 
ISO degrees flat on itself without cracking on the outside of the 
bent portion. 

10. Drift Tests. Punched rivet holes pitched two diameters 
from a planed edge sliall stand drifting until the diameter is enlarged 
50 per cent, without cracking the rnetal. 

11. Teat Specimens, (a) T(‘nsion-and bend test specimens shall 
be taken from the finished material. Specimens for pins shall be 
taken after annealing. 


1 

--About 8-^ ^ than 



I# a a • • V •j'o o 


w About 18" 

Figuue 1. 


Abou^3^ 



(6) Tension-and bend test specimens for plates, shapes and 
bars, except as specified in par. (c), shall be of the full thickness 
of material as rolled. They may be machined to the form and 
dimensions shown in fig. 1, or with both edges parallel; except 
that bend test specimens shall not be less than 2 inches in width, 

, and that bend test specimens for eye-bar flats may have three 
rolled sides. 

(c) Tension-and bend test specimens for plates and bars (except 
eye-bar flats) over 1^ inch in thickness or diameter may be 
machined to a thickness or diameter of at least M AicA for a length 
i of at least 9 inches. 

: (fi) The axis of tension-and bend test specimens for pins and 

: rollers shall be 1 inch from the surface and parallel to the axis of 
! the bar. Tension test specimens sliall be of the form and dimen- 
; sions shown in fig. 2. Bend test specimens shall be 1 by 3^ inch 
i in section. 

(e) Tension-and bend test specimens for rivet steel shall be of 
I the full-size section of bars as rolled. 
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12. Number of Tests, («) One tension-and one bend test shall 
’ be made from eacli melt; except that if material from one melt 
; differs inch or more in thickness, one tension-and one bend test 
I shall be made from both the thickest and the thinnest material 
' rolled. 

(/;) If any test specimen shows defective machining or develops 
1 flaws, it may be discarded and another specimen substituted. 



(c) If the percentage of elongat ion of any tension test specimen 
: is less t ban 1 hat specified in sec. 0 (a) and any part of the fracture 
i is more than ^ inch from the center of the gage length of a 
! 2-inch specimen or is outside the middle third of the gage length 
, of an 8-inch specimen, as indicated by scribe scratches marked on 
j the specimen before testing, a retest shall be allowed. 

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE 
13, Permissible Variations. The cross-sectioii or weight of each 
! piece of steel shall not vary more than 2.5 per cent from that , 

; specified; except in the case of sheared plates, which shall be ; 
I covered by the following permissible variations to apply to single : 
! plates: 

: (a) When Ordered to Weight — 

I For plates 12 pounds per sq. foot or over: 

J Under 100 inches in width, 2.5 per cent above or below the ! 

I specified weight; | 

I 100 inches in width or over, 5 per cent above or below the ; 

! specified weight. f 

I For plates under 12^ pounds per sq. foot: I 

! Under 75 inches in width, 2.5 per cent above or below the | 

specified weight; 

I 75 to 100 inches, exclusive, in width, 5 per cent above or ! 

j 3 per cent below the specified weight; j 

j 100 inches in width or over, 10 per cent above or 3 per cent ! 

; below the specified weight. ! 
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STANDARD SPECIFICATIONS 
(5) When Ordered to Gage. — 

The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 

An excess over the nominal weight corresponding to the dim(‘n- 
sions on the order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pounds: 


Thiekneas 

Ordered, 

iDchea 

Nominal 

Weight, 

I’ounds 

per 

Square Foot 

ALLOWAni.F, Kxcess 

FxpriEasBD as Pkrcentaoe op Nominal Wekjiit 

For Width of Plate ua follows: 

Under 
50 in. 

50 in. 
to 

70 in. 
cxcl. 

70 in. 1 Under 
or 75 in. 

over j 

75 in. 
to 

100 in. 
cxcl. 

100 in. 
to 

115 in. 
cxcl. 

115 in. 
or 

over 

H to 

5.10 to 6.37 

10 

15 

20 * 




%2 to ’Ho 

6.37 to 7.65 

8.5 

12.5 

17 ; . . 




'Vxn to }4 1 

7.65 to 10.20 

7 

10 

15 1 . . 




H 1 

10.20 



.. ■ 10 

14 

18 



12.75 



8 

12 

16 


% 

15.30 



.. 1 7 

10 

13 

17 

Vio 

17.85 



. . i 6 

8 

10 

13 


20.40 



. . I 5 

7 


12 

»io 

22.65 

1 


. . ' 4.5 

G.5 

I 8.5 

: 11 


■ 25.50 

1 

1 ! 

* .. ^ 4 

L 

■ S 

10 

Over % 

i 



. ^ 3.5‘ 

^ « 

j 6.5 

I 


V. FINISH 

14. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 

VI. MARKING 

15. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked 
for identification. The identification marks shall be legibly 
stamped on the end of each pin and roller. The melt number shall 
be legibly marked, by stamping, if practicable, on each test specimen. 

VII. INSPECTION AND REJECTION 

16. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of the material ordered. 
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The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

17. Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 

(6) Material which show's injurious defects subsequent to its 
acceptance' at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 

18. Rehearing. Samples tested in accordance wdth sec. 5, which 
re'present rejected material, shall be preserved for tw'o weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing w’ithin that time. 

VIII. FULL-SIZE TESTS 

19. Test of Eye (a) Full-size tests of annealed eye bars 

shall conform to the following requirements as to tensile properties: 

TonsiU) strength lb. per sq. inch 85,000-100,000 

Yield point, min lb. per sq. inch 48,000 

Elongation in 18 ft., rain per cent 10 

R(Kluction of area, min per cent 30 

(h) The yield point shall be determined by the halt of the 
gage of the testing machine. 
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STANDARD SPECIFICATIONS 


AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 

^ AKKILIATED WITH THE 

International Association for Testing Materials 


STANDARD SPECIFICATIONS 


FOR 

BILLET STEEL 

CONCRETE REINFORCEMENT BARS 

Serial Designation: A15-14. 

Tho spool flcatlons for this material are issued under the fixed designa- 
tion A 15; tho Qiial number indicates tlie year of original issue or, in the case 
of revision, the year of last revision. 

Adopted, 1911; Revised, 1912, 1913, 1914, 

1. Classes, (a) Tlii^sc specifications cover three classes of 
billet steel concrete reinforcement bars, namely: plain, deformed 
and cold-twisted. 

(6) Plain and deformed bars are of three grades, namely: 
structural steel, intermediate and hard. 

2. Basis of Purchase, (a) The structural steel grade shall be 
used unless otherwise specified. 

(h) If desired, cold-twisted bars may be purchased on the 
basis of tests of the hot-rolled bars before twisting, in which case 
such tests shall govern and shall conform to the requirements 
specified for plain bars of structural steel grade. 

I. MANUFACTURE 

3. Process, (a) The steel may be made by the bessemer-or 
the open-hearth process. 
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CARNEQIB STEEL COMPANY 

(b) The bars shall be rolled from new billets. No rerolled 
material will be accepted. 

4. Cold-twiBted Bara. Cold-twistcd bars shall be twisted cold 
with one complete twist in a length not over 12 times the thickness 
of the bar. 


II. CHEMICAL PROPERTIES AND TESTS 

5. Chemical Composition. The ste<4 shall conform to the following 
requirements as to chemical composition: 

fBossemer not over 0.10 por cent 

P^’O^P'^oruHopon-hearth “ " 0.05 " “ 

6. Ladle Analyses. An analysis to determine the porcentages of 
carbon, manganese, phosphorus and sulphur, shall be made by the 
manufacturer from a test ingot taken during the pouring of eac^h 
melt, a copy of which shall be given to I he purchaser or his repre- 
sentative. This analysis shall conform to the requirements speci- 
fied in sec. 5. 

7. Check Analyses. Analyses may be made by the purchaser 
from finished bars representing each melt of open-hearth steel, and 
each melt, or lot'* of ten toms, of bes.semer steel, in which case an 
excess of 25 per cent above the requirements specified in sec. 5 
shall be allowed. 

III. PHYSICAL PROPERTIES AND TESTS 

8. Tenaion Teats, (a) The bars shall conform to the following ' 
requirements as to tensile properties: 

Tensile Pkoperties 


Plain Bars 


Deformed Bars 


! 

Properties j 

Considered Striictwral- 
Steel 






Cold- 

Inter- 

mediate 

Tlanl 

Grade 

Structural- 

Steel 

Inter- 

mediate 

Hard 

Grade 

twisted 

Bars 

i Grade 

Grade 

Grade 

Griwle 


Tensile .strength, 1 ^5,000 
lb, per Sip inch ^ 

70.000 
to 

85.000 

hO.OOO 

min. 

55.000 
to 

70.000 

70,000 

to 

85,000 

80,000 

min. 

Recorded 

only 

Yield point, min.,! 



i 1 


.50,000 

65,000 

lb. per sfp inch; Illl.OOO 

1 40,000 

60,000 

1 33.000 1 

40,000 

IClonRiition'in L 

Sinclies, 

1 1.300,000a 

l,200.000rt 

1,2.50,0000 |l,125,00Qa 

|l,Q0Q.000a 

5 

per cent tens. atr. 

j tens. sir. 

j tens. str. 

tens. str. 

tens. str. 

tens. str. 



a See sec. 0. 
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STANDARD SPECIFICATIONS 


(6) The yield point shall be determined by the drop of the ! 
beam of the testing machine. 

9. Modiiications in Elonaration. (a) For plain and deformed bars 
over ^4 inch in thickness or diameter, a deduction of 1 from the 
pereentag(5S of elongation spetiified in sec. 8 (a) shall be made for 
each increase of inch in thickness or diameter above inch. 

(/;) For plain and deformed bars under Vw inch in thickness 
or diametJiT, a deduction of 1 from the piTcentages of elongation 
specifKHl in sec. 8 (a) shall be made for each decrease of Vie inch ; 
in thickness or diameter below Vie inch. 

10. Bend Tests. The test specimen shall bend cold around a pin 
without cracking on the outside of the bent portion, as follows: 


Tliickncaa 


Bend-Test IIequi uem en ts 

Plain Bars 


DiamoUr Sfructural-j Intcr- 
Steel I niwliute 
I Grille i (iradc 


j (1=^1 I d -2t 

% Inch ' 

or over. . . . iso dcK. I 00 deg. 

d--t I d— 2t 


“ i 

1 Dcfofnie».i Bars 

! 

Hunt 1 
i Gnidtj i 

J ! 

‘ Structural- 
Stefil 
Grade 

IiiUt- 
1 maJiatc 
j Grade 

Hard 1 
1 Grade ; 
1 

ISO 

ISO itog. 

ISO d(ig. 

ISO deg. 



; d-=:u 

j d^t 

i 00 

ISO deg. 

1 ‘)(f d('g. 

i 00 dog. 

1 (l^Bt 

d-=2L 

d'.^-:H 

d=4l 


Cold- 

twiskni 

Burs 


ExPUNATORy N(ite; <1 - the diarneter of pin about which Iho sjiecimcn is bent; 

t— the tluckness or diameter of the specimen. 


11. Teat Specimens, (a) Teiision-and bend test specimens for 
plain and deformed bars shall be taken from the finished bars, and 
shall be of the full tliic.kness or diameter of bars as rolled; except , 
tliat the specimens for deformed bars may be macliiiied for a 
length of at least 9 indies, if deemed nece.ssary by llie manufaeturer 
to obtain uniform cross-sect ion. 

(?)) Tension-and bend test specimens for cold-twdsted bars; 
shall be taken from the finished bars, without further treatment;: 
except as specified in sec. 2 (6). 

12. Number of Tests, (a) One teiisioii-and one bend test shall 
be made from eacli melt of open-hearth steel, and from each melt, 
or lot of ten tons, of bessemer steel; except tliat if material from 
one melt differs inch or more in thickness or diameter, one 
tension-and one bend test shall be made from both the thickest 
and the thinnest material rolled. 

(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and anol her specimen substituted. 



CARNEGIE STEEL COMPANY 

(c) If the percentage of elongation of any tension test specimen 
is less than that specified in sec. 8 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 

IV. PERMISSIBLE VARIATIONS IN WEIGHT 

13. Permissible Variations. The weight of any lot of bar^ shall not 
vary more than 5 per cent from the theoretical weight of that lot. 

V. FINISH 

14. Finish. The finished bars shall be free from injurious defects 
and shall have a workmanlike finish. 

VII. INSPECTION AND RE.TECT10N 

15. Inspection. The inspector representing the; purchaser shall 
have free entry, at all times while work on tlx; contract of the 
purchaser is being performed, to all parts of the manufacturer’s 
works which concern the manufacture of tlu' bars ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy firm that the bars are being furnished in accord- 
ance with these specifications. All tests (except check analyses) 
and inspection shall be made at the place of manufacture prior 
to shipment, unless otherwise specified, and shall bo so conducted 
as not to int(*rfere unnecessarily with the operation of the works. 

16. Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 7 shall be reported 
within five working days from the receipt of samples. 

(b) Bars which show injurious defects subsequent to their 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 

17. Rehearing. Samples tested in accordance with sec. 7, which 
represent rejected bars, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing 
within that time. 
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GENERAL INSTRUCTIONS FOR ORDERING 

ORDERING MATERIAL 
General Instructions 

Structural steel for bridges, buildings and ships, steel reinforce- 
ment bars and open hearth boiler plate and rivet steel are rolled 
to permissible variations given in the specifications which precede. 
In eases of design which reipiire close fitting, allowance should be 
made for such rolling variations so as to insure ample clearance 
between abutting or interfitting surfaces. 

All dimensions given on profiles are theoretical. Wherever the 
profile applies to more than one weight of section, the dimensions 
are for the minimum weight. 

Weights of rails are given per lineal yard of section, but unless 
otherwise indicated, all other weights are per lineal foot. Sections 
having but one weight specified can be rolled only to the weight 
given. 

Structural Reams, H-Beams, Structural Channels, Shipbuilding 
Channels, Bulb Angles, Bulb Beams, United States Steel Sheet 
Piling, Tees and Zees should Ix) ordere<l to weight per foot; Anglos 
may be ordered cither to weight per foot or to thickness. 

Orders for Plates should specify all dimensions in incjhes. 

Orders for Rounds, Squares and other Bar Mill Products 
should specify width and thickness in inches and the length in 
feet and inches. 

Rails, Ties and other track accessories should be ordered by 
section number and not by the weight per foot. The st'ction 
number should also be specified on orders for all other sections. 

The Association of American Steel Manufacturers has recom- 
mended certain angle sections as standard for bridge, car, ship and 
general building construction, and quicker deliveries can be obtained 
by ordering these standard sizes and weights. Angles not standard 
are marked ^‘special’' on the profile pages. 

In the calculation of the areas and weights of the various sections 
herein shown, the fillets have been disregarded in accordance with 
the rules of the Association of American Steel Manufacturers. 
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The above figures show the niethcKl of inereaslng the s(?ctlonal areas and ! 
weights of structural shapes. Crf)ss hatched portions repnjsont the minimum | 
sections and the blank portion.s the added areas. ’ 

In the case of (’hanncls, l-Boaras and Bulb Beams, the enlargement of the ■ 
section adds an equal amount to the thickness of the web and the width of I 
the flanges. In the case of Anglos and Zees, tlio etfect of spreading the | 
rolls is slightly to increase the length of the legs. No general staU;rnont can 1)0 | 
made with regard to Bulb Angles, in the rolling of which different methods j 
are in u.se. ! 

Inasmuch as the roll pas.Ses are modified in the wear of the rolls, the I 
actual dimensions will not always conform to the theoretical, even in the j 
case of the minimum weight sections. Designers and detallers of structural I 
work should arrange for ample clearances. 
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COMMON DIMENSIONS FOR BEAMS AND CHANNELS 

BEAMS AND CHANNELS 

Common Dimensions 


STRUCTURAL lilCAMS 



~ TO iHiiuiHUin wuu 

' Slope of Flange, l:6=:16''a%=9® 27' 42" 


STRUCTURAL CHANNELS 



n =n«iniinum web =t 
R— minimum web 1- 0.10 
r — i"o minimum web 
Slope of Flange, 1; 0=1673%== 9° 27' 42" 


i All dimensions are In incho.s and apply only to the minimum woiuht Beams 
1 or ChannoLs. 


Dimoiuluns given for Structural Beams are those adopted In 185)0, by tlic 
Association of American Steel Manufacturers and apply to all Beam Sections 
shown on tho pages which follow, except the American Standard Beam 
Sections B 1, B2 and B.'l, Beam Sections B 24 and B81, and Supplementary 
Beams, BGl to BOS, inclusive. 


j 1 he dimensions of tho Supplementary Beams cannot be readily reduced 
I to emet formulas. With tho exception of the 27-lnch beam. B 6 1 , dimen.sion.s 
j. are based on those of the 12-inch beam, Boo, whicb. in turn, luus been 
adopted in the light of mill experience; from tlu\se dimensions they vary by 
tho addition or subtraction of successive dilTorences. 


Slope of flange of Supplementary Beams, BOI to BOS, inclusive. Is 
uniformly 1 :11— 9Vu% -A® ll' 40". 

Dimensions shown for Structural Channels are those adopted by the 
Association of Americran Stool Manufacturers and apply to all Structural 
Channel Sections except C 20. 
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STRUCTURAL BEAMS 



Section 
Imlcx ■ 

1 Depth of 
Bearn, 

1 Inches 

Weight 
per Foot, 1 
Founds { 

1 Flange Width. 

Inches 

Web Thickness, 

Inches 

Decimal 

Fractional | 

Decimal 

Fractional 

*B 61 

i 27~~ 

90.0 

9.00 

9 

0.624 



Supplementary Beam. 
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BEAMS 


STRUCTURAL BEAMS— Continued 
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STRUCTURAL BEAMS—Continued 



Section 

Depth of 
Beam, 

Weight 
per Foot, 

Flange Width, 

Inches 

Web 'ITiiekness, 

Inches ! 

Index 

Inches 

1 

Pounds 

Decimal 

Fractional | 

Decimal 

Fractional j 

*B 02 

i 24 1 

i 

9.00 

9 

0.470 


“♦B 03 

21 

j 00.5 

8.26 


0.428 

“V«4 


* Supplementary Hearn. 


60 


,0.S70' 



BEAMS 

STRUCTURAL BEAMS— Continued 




Swtion 

ludex 

Depth of 
Beam, 
Inches 

Weight 
per Foot, 
Pounds 

Flange Width, 

Inches 

Web Thickness, 
Inches 

Decimal 

1 Fractional 

Decimal 

1 Fractional 



100.0 

7.284 


0.884 




95.0 

7.210 

7ii 

0.810 

n 

B 2 

20 

90.0 

7.137 

7A 

0.737 

n 



85.0 

7.063 


0.603 




80.0 

7.000 

7 

0.600 

n 



75.0 

6.399 

m 

0.649 

u 

B3 

20 

70.0 

6.325 

GU 

0.575 




65.0 

6.250 1 

GH 

0.500 
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STRUCTURAL BEAMS— Continued 



Section 

Index 

Depth of 
Beam, 
Inchea 

Weight 
Per Foot, 
Pounds 

Flange Width, 

Inches 

Web Thickness, 

Inches 

Decimal 

Fractional 

Dt^cimal 

Fractional 



90.0 

7.245 

7H 

0.807 


B8l 

18 

85.0 

7.l6:j 


0.725 

“'■'ha 

80.0 

7.082 

7%i 

0.644 

■‘Wii 



75.0 

7.000 

7 

0.562 




70.0 

6.259 

617/at 

0.719 


B80 

18 

65.0 

6.177 

61 V«i 

0.6.37 

'‘M.4 

(K).0 

6.095 

6%2 

0.555 

%(t 



55.0 

6.000 

6 

0.460 

2%4 

♦8 04 

18 

48.0 

7.500_ 

71^ 

0.380 

H 

♦Supplementary Beam. 
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BEAMS 


STRUCTURAL BEAMS — Continued 



Section 
Index . 

Depth of 
Beam, 
Indies 

Weight 
per Foot, 

Flange Width, 
Inches 

Web Thickness, 
Inches 

Pounds 

Decimal 

Fractional 

Dcciiuul 

Fractional 



75.0 

6.292 

61%, 

0.8S2 

% 

B 5 

15 

70.0 

6.194 

6»% 

0.7S4 



65.0 

6.096 

6%a 

0.6S6 

'H.I 



60.0 

6.000 

6 

0.590 



1 

65.0 

6.746 

5M 

0.656 


B 7 

15 

50.0 

5.648 

5«/«4 

0.558 




45.0 

6.550 


0.460 




42.0 

5.500 


0.410 


♦B 65 

16 

37.5 

6.750 

GH 

0.332 



♦Supplementury Beam. 
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12 " - 


Section 

Index 

Depth of 
Beam, 

Weight 
per Foot, 

Flange Width, 

Inches 

Web Thickness, 
Inches 

Inchea 

Pounds 

Deaimal 

Fractional ! 

Decimal 

Fractional 



55.0 ! 

5.61 1 

5'‘%4 

1 0.821 


B 8 

12 

50.0 1 

5.489 

6»«/«4 

1 0.609 


45.0 1 

5.366 

68%4 

[ 0.576 

«yo4 



40.0 

5.250 

5 ^ 

0.400 


B 9 

12 

35.0 

5.086 

5%a 

0.4.36 


I 31.5 

5.000 

5 

0.350 

Hha 

♦B66 

12 

I 28.0 

6.000 

6 

0.284 

%a__ 


♦Supplementary Beam. 


64 



BEAMS 


T 

I 

I 

I 



i 

I 
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STRUCTURAL BEAMS— Continued 
B 11 



-- 10 




Seetion 

Index 

Depth of 
Beam, 
Ttiehes 

Weii^ht 
per F(K)t, 
Tounda 

Flunco Width, 

Inehea 

Deeiiiial ! Fractional 

Web Thickness, 

I iiches 

Dwinial j Fractional 

n 11 

10 

40.0 
3r,.o 

30.0 

25.0 

5.000 
4.052 
4.S05 

4.000 

5%2 

4«'i„ 

41^1.1 

4-Vaa 

0.740 

0.002 

0.455 

0.310 


*B 07 


22.25 

5..500 


0.252 

H 

B 13 

9 

35.0 

30.0 

25.0 

21.0 

4.772 

4.009 

4.440 

4.330 

4*''h4 

4-'»*;u 

42‘il.l 

0.732 

0.5t'>0 

0.400 

0.200 

^%4 


* Supplementary Beam. 
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8TRIICTU Ii,AL BEAMS — Continued 


0 . 270 " 



.Section 

Index 


Dipth of WeiRhi 

licam, ]):T I'ciot, 
Inchffl I’ouiuIh 


Miiikc Width, 

Iiiidn-H 

Dicitiial j Fractional 


Well Thickness, 
Indies 

Deeitnal | Fractional 




25.r, 

4.271 

4 ' "(1 1 



B 16 

s 

2S.U 

; 4.170 

, 4'M,^ 

1 

1 0.449 

2‘la.t 


1 20.5 

i 4.087 

; 4:M»a 

0.857 



i 

1 

18.0 

1 4.000 

i " 

0.270 


*B (58 

1 « 

17.5 

: 5.000 j 

! 5 

j 0.220 

' V(J2 



20.0 

! 8.808 1 

sy. 

1 0.458 


B 17 

7 

17.5 

1 8.708 j 

8‘%i 

j 0.853 


1 

! 


15.0 

i 3.000 j 

8”Vii2 

i 0.250 

}4 


♦Supplementary Heain. 
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STRUCTURAL BEAMS— Concluded 



FlauK*! Width, I Vm-I) Thick nLfls, 
Inches , Inches 

Dcriimil j Fractional Dccii'ial . Fractional 

I 0.475 i 

3.452 j 3;vi' 0.352 i g? 

3.330 j 3:il 

i 3.201 I 3^V ; 0.504 ^ } .^ 

i ••it 17 I 3r:‘i : O.df)? I U 

I 3.000 I 3 0.210 

I 2.S.S0 i 27^ 0.410 ' 

' 2.S07 ; 2|g 0.337 , ii 

2.733 j 2,'/; 0.203 : 

I 2.000 ! 23 A 0.100 ; 

j 2.521 I 23? . 0.301 I iJ 

2.423 I 2g: ; 0.203 ! g? 

! 2.330 ! 2J1 0.170 j a 


Section 

Index 

Depth of 
Beam, 
Inches 

W'ciRht 
per Foot, 
i’ounds 

B 10 

0 

17.25 
14.75 

12.25 

B21 

5 

14.75 

12.2.5 

1 9.75 

13 23 

^ i 

1 10.5 

1 9.5 

! S.5 


: 

7.5 

B77 

3 

7.5 

0.5 

5.5 
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Section j 

Depth of 

1 Beam, 

1 Weight 

1 per Foot, 

Flange Width, 

Inches 

Web Thickness, 
Inches 


' Inches 

; Founds 

[ Decimal 

j Fractional 

Decimal 

Fractional 

H 4 1 


34.0 

i 8.000 


0.375 

Vh 

H 3 1 

i ^ 

23.8 

6.000 

1 6 

0.313 


11 2 1 


18.7 

6.000 

; 

0.313 

Tfl 

U 1 

! 4 

13.6 

4.000 

4 

0.313 



II-Beams shown on this shoet arc particularly adapU^l for use in inside mine timbering. Full 
information as to their properties and uses is given in separate pamphlets entitled “Steel Mine 
Timbers." 
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BULB SECTIOrJs 



Section 
I rnlcx 

*B 100 

♦B 101 
♦B102 
♦B 103 
*B 105 



I'lango Width, 

Web Thickness, 



Depth, 

Inches 

Inchi^ 

Weight 


Inches 

— 

— ■ 



jier iMiJitional 


Dccitnal 

Fractional : 

Decimal 

Friictional 

rounds 

jMiuiul per foot 

in 

5.500 

! 

0.625 

f*8 

.36.6 


1-0 

5.250 


0.375 

i'8 

28.1 

0.029" 


5.125 


0.563 


30.1 


9 

4.938 


0.375 

Us 

24.3 

0.033" 

g 

5.156 

r>%'2 i 

0.469 


24.2 



5.000 

5 i 

0.313 

^’A ti 

20.0 

0.037" 

7 

5.094 

5%3 1 

0..531 


23.3 



4.875 

Wh i 

0.313 

'/111 

18.1 

0.042" 

0 

4.524 

41T^,2 j 

0.430 


17.2 



4.375 


0.281 

3k 

14.0 

U.U4U 


* FurniHliiMl only by special arrangement. 
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CARNEGIE STEEL COMPANV 


. 600 " - SHIP lUJILDING BIJLH ANGLES 




Doptli, 

FlanRc Width, 

Web Ttiickncse, 

Weight 
per F(H)t, 

Sfiction 

Itu 

hes 

Inches 

Indies 

Index 

Decimal 

Fractional ' 

DfK^inial 

Fractional 

Decimal 

Fractional 

I’oiindfi 






0.t525 


29.7 

♦B 20'. 

0.500 

0 U 

3.500 


0.000 

0..575 

'’•liij 

25.5 

27.5 






0.550 


20.9 


! 




0.525 


25.7 

♦B 2(>G 

0.500 

oi^ 

3.500 

3 4 

0.500 

0.175 

’‘4 a 

24.7 

23.8 






0.150 

-% J 

22.8 


i 




0.075 

‘-'lot 

30.4 

♦B 201 

0.000 

0 

3.500 

3 4 

0.(>.50 

0.025 


i 2‘).5 
; 28.0 






0.000 ! 


j 27.7 


i j 

1 



0.575 ' 


20.0 

•B 202 

0.0(MJ 

9 

3.500 

I 34 

0.550 1 
0.525 


I 25.7 
; 24.8 






0.500 

4 

23.9 


I 




0.175 ! 


22.7 

•B 203 

9.000 

9 

3.500 

i 34 

0.450 i 
0.425 

' “-/nv 

21.8 

20.9 


! 


. i 

1 

0.400 

i 

! 20.0 


♦ Furuwhcd ouly liy spcc-ial arranRcitJont. 
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BULB SECTIONS 


SHIP BUILDING BULB ANGLES 
British Standard Sections 



Section 

Index 


' l’’l:in(ic Width, Web Thickness, 

Inches Inches Inches 

Oeciirial Fniclional ; Decimal ’ ITactional Decimul ITuetional 


*^11 208 

8.. 500 

S}i 

3.500 

! 3H 

*B 200 

8.. 500 


3.500 

33-2 

*B 21 1 

8.500 

8 >4 

3.0(K) 

3 

*B 212 

8.500 


3.000 1 

3 


* Furnished only by special arrangement. 


. 0.575 

=‘"«i 

1 (t.5.50 


0.525 

’"•n; 

0.500 

3. 

! 0.475 S 


0.1.50 

-’Vk, 

1 0.425 


, 0.100 

'%-j 

1 0.575 ' 


0..5.50 


0..52,5 

'■<12 

, 0.5(K) , 

3-2 

! 0.475 1 


0.1.50 ; 


i 0.425 ! 


1 0.400 i 



: Weight 
j per Foot, 
; I’eunds 


2r..a 

L>I. 1 


22.7 

21.G 

20.7 
lO.S 
18.0 

24.3 

23.4 

22.0 

21.7 


20.7 

10.8 


18.1 
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CARNEQIE STEEL COMPANY 


.525? - SHIP BUILDING BULB ANGLES 



Section 

Index 


Depth, 

IncheH 

Flange Width, 
Inches 

Web Thickness, 
Inches 

Weight 

i tier I'lMit, 


■ Ueciiiial 

1 Fractional 

Decimal 

, I'ractional 

Deeiinal 

' Fractiimal 

1 Ikiunds 


! 

1 

^ 3.000 

i 

■ 0..57r) 

i‘ylu 

2.3. i 

♦B 217 

8.000 

,S 


' 3 

1 0..5.50 
0,.52.5 


22.2 

21.4 


1 

1 



. 0..500 1 

i 'A 

1 20.0 





i 

1 0.17.5 ' 


' 10.6 

*B 2iS 

; 8.000 


; .1.000 

i 3 

t).1.50 

0.12.5 

•%l 

“T'fu 

18.8 

18.0 



1 

1 

j ] 

1 0.100 1 


: 17.2 



I 



0.475 I 


' 10.4 

*B 221 

7.. 500 

IVz \ 

3.5(M) 


0.4.50 
0.425 : 

"'hi 

18.0 
, 17.8 






0.400 j 


j 17.0 



j i 

i 

i ! 

0..525 1 


' 20.3 

*B 223 

7..500 


3.000 

3 

0..5()0 ; 
0.475 : 

*5)13 

10.6 

18.8 



; 1 

• 1 


0.4.50 , 

"*;k 

18.0 




1 

j 

0.425 ! 


17.1 

♦B 224 1 

7.500 

1 7 j/i 

3.000 ; 

3 i 

0.400 
0.37.5 i 

'%2 

10.3 ‘ 
15.0 




1 

i 

0.350 1 

»«/b ! 

14.8 


♦Fumiahed only by special arrangement. 
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BULB SECTIONS 

SHIP BUILDING BULB ANGLES 
Britisli Standard Sod ions 


B 233 
.-loo" 





IQ:: 


B 236 


- G‘/2- 


r'%375*' 



( J)i‘{)th, i Fbngc Width, 

Section lijchos I Inchi* 

Index ! - - I 

i Decimal i Fraetional i Decimal j Fractional 


♦B 233 

fi.rioo 

OH 

3.500 

3K 

♦B 23(i 

(i.rjoo 

Cf}4 

3.000 

3 

*B 241 

5.500 


3.000 

3 

*B 246 

5.500 

ryH 

j 

' 3.000 

' 

3 


* Furnished only by special arrangement. 


Web Thickness, i ty,.- . * 

“"i™ 

Docimal ! Fractional ! Founds 


0.125 

1 -Tin 

15.7 

0.400 


15.0 

0.375 

' h 

! 14.3 

0.350 

1 Hka 

j 13.6 

0.425 

■ 2‘hi 

' 15.0 

0.100 


14.3 

0.375 

1 

13.6 

0.350 ! 


j 12.9 

0.500 

1 tij 

15.1 

0.475 

! 

! 14.5 

0.450 

1 

1 13.9 

0.425 


, 13.4 

0.400 


1 12.5 

0.375 

H 

11.9 

0.350 


11.3 

0.325 


10.7 



CARNEOIE STEEL COMPANY 




— ' - g" -- 


i fJoptli, r’hitiRe Widtli, ' Web Thieknrwj, j vVeirht 

Section { Indies j fneheo , Indies ■ 

Index , - — ! Pounds' 

Dccinu) 1 I’ractioual Dccinud j Fnictional Decimal j Iractional ! 

' -- I- ■ : ■ 


*11 

l.'lOu 

lO.OOO 

10 

:i..">oo :i'i; 

0.r,:>.'5 

:i2.o 

*11 

i;i() , 

J 0.000 

10 

:.i.r)00 1 :i'-; 

O.lSl 

20.0 

*Il 

i;i2 ' 

S.OOO i 

s 

:i.r)00 1 :i«5 

0.100 >%., 

10. :i 

*11 

HI I 

7.(K)0 i 

7 

! :i.(M)o i :i 

: 0.500 li 

20.0 

*11 

i:i:i i 

7.(KM) 1 

7 

, ;i.ooo 1 :i 

‘ O.DIS 

1S.3 

*11 

HO i 

7.000 1 

7 

:i.ooo :i 

0.:i44 

i 10.1 

♦11 

i:i4 i 

0.000 ! 

0 

i :i.(M)o :i 

o.rdM) 

1 17.3 


* Puniiahcd only by special arrangement. 
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BULB SECTIONS 


SHIP BUILDING BULB ANGLES 





CARNEGIE STEEL COMPANY 

CAR RUILDING BULB ANGLES 





Section 

Index 

! Depth, 

Inches 

Decimal Fractional 

; Flange W idth. 

Inches 

Decimal Fractional 

1 Web Thickness, 
Inclu'H 

Decimal Fractional 

Weight 
per loot, 
Foiinda 

*U 12') j 

1 

5.(K)0 1 5 

1 4./jO0 i 

4jij 

0.438 ; 

Vu\ 

10.3 

121 1 

',.000 ■ 5 

ll.oOO 


0.375 

% 

13.2 

*B 122 1 

4.000 j 4 

3.500 1 

3'-i 

0.500 


14.3 

*B 123 1 

4.(M)0 ' 4 ' 

3.50Q 

3U 

0.375 

1 

i 

1 1 .9 


♦Purniahtxi ouly by special urrangeraeut. 
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CHANNELS 


STRUCTURAL CHANNELS 




. . 

Dcptli of i 
I’^liannel, ! 

Weight 
per Foot, 

Flange Width, 
j 1 tM-lics 

Web Thiekness, 
Inches 

la(.lna j 

Founds 

1 Deeimul ' Fraetiniuil 

Decimal 

i Fractional 


55.0 

‘ 3.S1S ; 

3{:{ , 

O.SIS 

Dl 


; 50. 0 

; .3.720 , 


0 720 



i 45.0 

! 3.022 

0.«>22 


15 

1 40.0 

i 3.524 ! 

3^^ i 

0.524 



35.0 

1 3.420 ! 

3*; 

0.420 

a 7 
(1 1 


1 33.0 

3.400 i 


0. 100 

.VJ 


1 

5f).0 

4.410 

4:';i 

0.701 

M 


i 45.0 

; 4.303 i 

4AV 

0.r»7S 

y 

13 

40.0 

; 4.100 j 

4o, 

0.505 

1 }'" 

I 


37.0 

i 4.122 1 

dfii : 

0.407 


35.0 

j 4.07/ 1 

4.i\ i 

0.452 



, 32.0 

1 4.000 1 

4 1 

0-375 

1 H 



CARNBQIE STEEL COMPANY 


STRUCTURAL CHANNELS - Continued 



Section 

Depth of 
Cliannel, 

Weight 

1 per Foot, 

Flanwe \Yi(lth, 

Iiidu» 

Web Thickness, 

Inches 

Indfix 

lachua ' 

1 Pouiuia 

1 

! Decimal 

Fractional j 

Decimal 

Fractional 



40,0 

; 3.4 IS 

3sl 

0.7.58 

n 

1 


35.0 

3.200 

3i.? 

0.G3G 

a 

02 

* 12 

30.0 

3.173 

3ii 

0.513 

u 



25.0 

3.0.')0 

3o\ 

0.390 

n 



! 20.5 

2.940 

21S 

0.280 

^3 



I 35.0 

3.183 

1 3A 

0.823 

n 



30.0 

3.03G 1 

1 3;^2 

0.676 

n 

03 

10 

25.0 

2.889 i 

1 2SJ 

0.629 

n 



20.0 

2.742 

2n 

0.3S2 

% 



i 16.0 

2.600 

1 2i3 

0.240 

a 



CHANNELS 


STRUCTURAL CHANNELS - Continued 



Pfclion 

llliit'X 


C 4 


C 5 


C6 


Depth of i 
Chiuiiuil, ! 
Incluus 



8 


7 


i 


Weight 
per h'oot, 


FIani;o Widtii, 
Inches 


Pounds 

Deciiiiitl 

; Fraclioiial 

Decimal 

25.0 

2.SI5 

2» .1 

0.(»I5 

20.0 

2.0.52 

2 - \ 

0.452 

15.0 

2.1 88 

2 

0.2.SS 

13.25 

2.1.30 

"i'll 

0.230 

21.25 

2.(i22 


0..5S2 

18.75 

2.. 5.30 

2,1 1 

0.41^0 

10.25 

2.4.30 

2Z 

0.300 

13.75 

2.347 

2 \ .1 

0..307 

11.25 

2.200 

2’i 

0.220 

10.75 

2.513 

2.;^ 

0.033 

17.25 

2.408 

2' .} 

0.528 

14.75 

2.303 

010 

0.423 

12.25 

2.198 

2,'. '• 

0.318 

9.75 

2.090 

2::, 

0.210 


Web Thickness, 
Inches 

Fniclioiuil 


7 ') 



Section 

Index 

C 7 

C 8 

C 9 

C72 


CARNEGIE STEEL COMPANY 

STRUCTURAL CIIANNELS-Concluded 




Depth of 
Channel, 

Weight 
per Foot, 

Flange Width, 1 

Inches i 

Web Thickness, 

Inches 

Inches 

Pounds 

Decimal 

Fractional 1 

Decimal ; I’ractional 


ir,.5 

2.283 

2 A i 

0.5(i3 

l"u 

n 

13.0 

2.100 

2/;, 1 

0.4-10 I 

r« 

0 

10.5 

2.038 

. 2A. i 

0.318 ; 



8.0 

1.920 

i.:'i i 

0.200 

.\2 


1 1 .5 

2.037 

5 2 A ' 

0.477 I 

i?i 

6 

0.0 

1.800 

ir:l ! 

0.330 i 

fii 


0.5 

1.760 


0.190 



7.25 

1.725 


0.325 1 

U 

4 ! 

0.25 

1.052 

iHi ! 

0.252 

H 

1 

6.25 

1.580 

‘ i 

0.180 

i« 


0.0 

1.002 

j 1^1 ■ 

0.302 

U 

3 

6.0 

1.504 

! m \ 

0.20-4 

) 7 


4.0 

1.410 

; ly 1 

0.170 1 

a 






CHANNELS 


ion 


C 130 


C 131 


SHIP BUILDING CHANNELS— Continued 


■ '0.475' 




; 0.374 

'n 


T 'uuo" 

I 

C 120 




Depth of 
('hanncl, 
1 lu-lies 


I 


S 


Weight 
per l''oot. 

Flange Width, 

IncheH 

Web Thickiies-s. 
liu'hi'S 

Pouoda 

Deeinial 

. Fruetioiiiil 

Deeinial 

FracUonal 


;i.ti2r) 

3\^ 

0.t)2.5 

•» 

23.. 

3.C.00 

! 3i!!hj 

0.000 


2r>.2 

3.5.50 

3 

0.5.50 


23.S 

3..500 

i 3':; 

0.500 

11 

21..'') 

3.115 

.3 -"ill 

0.115 


i 21.0 

3.000 


0.409 

‘•'Jul' 

i 17.0 ' 

2.875 

' 2T' 

0.344 

I 1 

! 21..j 

3.000 

1 3 1 

U.CiOO 

"{■a. 

[ 23.3 

3.5.50 


0..5.50 

i 

1 22.1 ' 

! 3. .500 

! 31. 

0..500 

‘i 

1 20.9 

3.4.50 

; 3^'?!ii ' 

0.4.50 

! “’Nu 

1 19.7 1 

3.4(M) 

I 3i»a. : 

0.400 

. xai,2 


S3 





C 120 


7 



CARNBOIE STEEL COMPANY 


SHIP aUILDlNG CHANNELS— Continued 



6 "--.- ^ 



: Dcpdi of , 
(’ha unci. 

Weight ' 
jHtr Foot, 

Flun^^c Widtii, 

Web Tlhckncss, 

Section 

1 iiciics 

Inches 


Index 

Irw'lics 

I’oiiiids 

i)»;cirn:il 

1 Fractional 

Decimal ; Fractional 



21.0 

:t.575 

; 3-'*"iti 1 

0.575 1 



: i 

IS.O 

3.43S 1 

' liVui 1 

0.13S 

V'lo 

C 121 

7 

I 10.5 ■ 

3.350 

I i 

0.3.-)0 

1 l/,o 



15.0 

3.313 

, i 

0.313 

'Vlit 



21.5 

3.0S5 ' 

' 3"/i„ 

I ■ 

1 ()..t35 ; 


0 110 

0 

1 

10.0 

3.5(V0 

3 ’no 

0.410 I 


C 101) 

i G 

15.0 

i 

1 332 

1 0.350 i 

^Vaa 
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CHANNELS 


SHIP BUILDING CHANNELS— Concluded 



, 0 . 25 '' 


CAR CTIANNEI.S-STRrCTURAL SIZES 

■ *1 ^ 0 . 406 " 


*C lOG 

4 . 265 "-- 


-bTi- 


iO.19 


200 


.--- 2.395 - 

V 0.28" „i0.50'' 


■r--- 

rf^O.13" 


" 0 : 313 " 



pi0.19" 

’'C 220 


?,375" 

i 

1 190 

1 1.660" 

, 1 

% 


1^ 


2 . 102 " * 




V0.2F." .0,? 

■ 5 "'. . 

0.138" 



5" lO.nuV' 

1 

0 . 13 V 


'< 3 " -- 





-• r- 

.-J 


i 

Depth of 1 
(.’tiannc'I, ; 


.. 


Web d’hickiu'ss, 

Section 

Index 

WciRht 1 
per Foot, 

Inches 


Inches 


IncheH 

Founds 

])(>eimal ' 

Friietniiiai 

Decimal [ 

Fraclional 

C 107 

0 

IS.I 

3.003 ! 


3* id 

0..5()3 ' 


ti 

13.0 : 

2.813 ! 


2«^‘1« , 

0.313 


“Id 

C 108 

0 

17 

-.0 ; 

2.781 


2-'*‘:i:> ! 

! 0.531 i 



12..5 ! 

2..503 


2 '! Id 

0.313 


•’Id 

*C 100 

Fill i 

17.0 ■ 

3.. 500 


3 ' 2 

0 . 37.5 


?-8 

*C 200 

4 

13.0 1 

2..500 



0..500 


H 

*C 220 ; 

4 

10.1 

2.087 


2%2 

0.304 


2';’d4 

*(noo ! 

.3 

7.1 1 

1 .084 


l««iu 

0.2.50 


1 ^ 


I* FurniHhetl ouly by Hpccial amviiKeinent. 
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CARNEQIE STEEL COMPANY 


EQUAL ANGLES 



Bcctiuii Iadov 


Size 


Thickness, 

Weight por Foot 


1 tuhos 

Inches 

I’ounds 

A 113 

S 

X 

s 

1?,^ 

50.0 

A 112 

‘ S 

X 

8 

1 I'u 

54.0 

A 111 

8 

X 

8 

1 

51.0 

A no 

8 

X 

8 

iu 

48.1 

A 100 

8 

X 

8 

H 

ill 

45.0 

A 1()<S 

8 

X 

8 

42.0 

A 107 

8 

X 

8 


38.0 

A 100 

8 

X 

8 

35.8 

A 10") 

H 

X 

8 

in 

32.7 

A lot 

8 

X 

8 

1*1 

20.0 

A 103 

8 

X 

8 

il; 

20.4 

A SO 


X 

0 

1 

37.4 

A S7 

0 

X 

0 

ft 

35.3 

A 1 

0 

X 

0 

33.1 

A 2 


x 

0 

0 

31.0 

A 3 


X 

0 

** 1 

28.7 

A 4 

0 

X 

fi 

U, 1 

20.5 

A o 

0 

X 

0 

H 

24.2 

A 0 


X 

0 

' 1(1 

21.0 

A 7 

6 

X 

0 

■ ¥ * 

i 10.6 

A H 

0 

X 

0 

1 17.2 

A SS 


X 

0 

' ft 

! 14.0 

*A 04 

5 

X 

5 

1 

1 1 

30.0 

♦A or) 

1 5 

X 

5 

' i 

i 28.0 

*A 0 

i 5 

X 

5 

k ! 

27.2 

*A 10 

i 

X 

5 

lii 

25.4 

*A 11 

5 

X 

5 

H 

23.0 

*A 12 

5 

X 

5 


21.8 

♦A 13 i 

i 5 

X 

5 I 

' ^ 

20.0 

*A 14 

5 

X 

5 : 


18.1 

*A 15 i 

5 

X 

5 1 


16.2 

*A 16 

5 

X 

5 ! 


14.3 

*A 17 5 

♦Special, see page 56. 

X 

5 

^ Pn .„J 

12.3 



ANGLES 


EQUAL ANGLES — Continued 



Section Iiii-k'.x 

Size, 

InelifH 

'rhifknesB, 

luobos 

Weight per Foot, 
Founds 

*A 

IS 

1 X 4 

i.l 

19.9 

A 

19 

4 X 4 

/i 

18.5 

A 

20 

4 X 4 

u 

17.1 

A 

21 

4 X 4 

H • 

15.7 

A 

22 

4 X 4 

la 

M.8 

A 

2:1 

1x4 

} 2 

12.8 

A 

21 

4 X 1 

I’n 

11.3 

A 

2") 

4 X 4 

k 

9.S 

A 

90 

4 X 4 

I'a 

8.2 

♦A 

284 ' 

1 X 4 


0.0 

♦A 

20 

8^- X 8' 2 

13 

17.1 

*A 

27 

8'2 X 8'., 

.'*4 

10.0 

*.V 

28 

8 '/2 X 8 .'2 


14.S 

A 

29 

;i’2x8’2 

If^ 

' 13.0 

A 

80 

8'2X8’2 

I li 

12.4 

A 

81 

: 8'2X8^2 


11.1 

A 

82 

8^2X84 

i'll 

9.8 

A 

83 

84x84 

•* s 

8.5 

A 

99 

31^x834 


7.2 

♦A 28') 

8'2x34 

K 

5.8 

♦A 

84 

8 X 3 


1 1 .5 

♦A 

8.5 

8x3 


10.4 

A 

30 

8x3 

H 

9.4 

A 

37 

8 X 3 

■fij 

8.3 

A 

38 

3x3 


7.2 

A 

39 

3 X 3 

I'a 

0.1 

A 

40 

8 X 3 

}4 

4.9 


♦Special, Bee page 55. 
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CARNEQIE STEEL COMPANY 

EQUAL ANGLES— Concluded 




Sectiiin Index 

Siao. 

Inches 

Thickni'HS, 

lucht'S 

Weight per Foot, 
i’uunda 

*A 4(5 

2’ 2 X 


7.7 

A 47 

2'2 X 2>2 


(5.8 

A 4S 

252 X 2*2 

H 

5.9 

A 49 

252 X 23-i 

A 

5.0 

A SO 

25^x23^ 

k 

4.1 

A 100 

2i2X23l» 


3.07 

♦A 504 

2'A X 234 

H 

2.08 

♦A 50 

2x2 


6.3 

A 57 

2x2 

H 

4.7 

A 58 

2x2 

TB 

3.92 

A 59 

2x2 

H 

3.10 

A CO 

2x2 

A 

2.44 

*A 50(5 

2x2 

H 

i.or> 

♦A 01 

m X iH 

I’ifi 

4.6 

*A 62 

1 1?4 X IH 

Vh 

3.99 

*A 63 

1% X IH 

\B 

! 3.39 

*A 64 

i IH X \H 

H 

I 2.77 

*A 65 

i:*.t X iH 

i’a 

i 2.12 

♦A 507 

1?4 X IH 

14 ! 

' 1.44 

♦A 66 

1 1 2 X 11/2 

% i 

3.35 

A 67 

152 X 132 


2.80 

A 68 

lAxiyi 

H 1 

2.34 

A 69 


i'll 

1.80 

A 102 

I3ix 134 

H 

1.23 

♦A 70 

lHxV4 

A 

2.33 

*A 71 

IH X IH 

H 

1.92 

♦A 72 

VA X VA 

A 

1.48 

♦A 73 


H 

1.01 

*A 78 

1x1 

H 

1.49 

♦A 70 

1 x 1 

A 1 

i 1.16 

♦A 80 

1 X 1 

Vh I 

! 0.80 


* Special, ace page 55. 
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ANGLES 


UNEQUAL ANGLP:S 



1 

H(iction ludcx 

Size. \ 

ln(he.s 

'rhi(rkiuss, j 

Inches ' 

Weight, per Foot, 
Fountis 

*A 13S 

8x0 1 

1 

44.2 

*A 137 

8x0 ' 


41.7 

*A 13(i 

8x0 ' 

in 

39.1 

*A 135 

8 X 0 


3»i.5 

*A 131 

8x0 1 

k ! 

33.8 

*A 133 

8x6 

1 

31.2 

*A 132 

8x0 

28.5 

*A 131 

8x0 1 


25.7 

*A 131). 

8x0 i 

ri j 

2.3.0 

*A 139 i 

8x0 1 

I'lJ ! 

20.2 

♦A 320 

8 X3'.i i 

1 

35.7 

* A 32 1 i 

8x3'.^ i 


33.7 

*A 322 1 

8 X 3'2 i 

31.7 

*A 323 

8 X 3’., 


29.0 

*A 324 1 

8 X 3' 2 

h 

27.5 

*A 325 

8 X 3'i 


25.3 

*A 320 

8 X 

>8 

23.2 

*A 327 

8 X 34 

ft ^ 

21.0 

♦A 32S 

8 X 3*2 

18.7 

*A 329 

8 X3,'2 


10.5 

♦A 1.50 

7 X 34 

1 

32.3 

*A 151 

7 X 3’2 


30.5 

♦A 1.52 

7 x34 

4 

28.7 

*A 1.53 

7 x34 


20.8 

*A 1.54 

7 x34 

k 

24.9 

*A 1.55 

7 x3!^ 


23.0 

*A 1.50 

7 x34 

k 

21.0 

, *A 1.57 

7 X 34 


19.1 

*A 1.5S 

7 X 34 

k 

17.0 

*A 1.59 

7 x34 


15.0 

♦A 310 

7 x34 

k 

13.0 


* Special, b«o page 56. 
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CARNECHE STEEL COMPANY 


UNEQUAL ANGLES-Continued 


. ■ U, /H 


•A 89 
to 

A 168 


p 3’a 


♦A 92 
to 

*A301 


k- — 


‘ T 


L. 


*A 178 
to 

*A 1S6 


Section Index 


Size, 

Thickness, 

Wciglil per Foot, 


Indus 

Inches 

i’oiiiuls 

•••A S<) 

0 

X 4 

1 

30.0 

+A 1)1 

<) 

X 4 

IT! 

28.0 

A 1(U) 

0 

X 4 

Ik 

27.2 

A Kil 

0 

X 4 

(1 

25.4 

A 1 02 

0 

X 4 

yt 

23.0 

A KVi 

0 

X 4 


21.8 

A 104 

6 

X 4 

k 

20,0 

A If)") 

6 

X 4 


18.1 

A lOf) 

6 

X 4 

li 

10,2 

A 107 

6 

X 4 

Irt 

■ 14.3 

A lOS 

6 

X 4 

H 

12.3 

*A 02 

6 

X :vi 

1 

28.0 

*A o:^ 

6 

X 3' 2 

15 

27.3 

A 100 

6 

X 3 4 

H 

25.7 

A 170 

<) 

X 3 ,! i 

i?, 

21.0 

A 171 

6 

X 3‘^ 

H 

22.4 

A 172 

0 

X 3.1 2 

ih 

20.0 

A 173 

6 

X 34 

k 

18.0 

A 174 

6 

X 34 


17.1 

A 175 

6 

X 34 

}i 

15.3 

A 176 

6 

X Vi 


13.5 

A 177 

6 

X 3 ^i 


11.7 

*A 301 

6 

X Vi 

r 

Irt 

0.8 

♦A 178 

5 

X 4 

Vh 

24.2 

*A 170 1 

5 

X 4 

22.7 

*A 180 

5 

X 4 

k 

21.1 

*A IHl 

5 

X 4 

li 

10.6 

*A 182 1 

5 

X 4 

H 

17.8 

*A 183 

1 5 

X 4 

in 

yj 

16.2 . 

*A 184 

1 •'» 

X 4 

14.5 

*A 185 

1 

X 4 

iV 

12.8 

*A 186 

i 

X 4 


11.0 


* Special, see page 66> 
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ANGLES 




UNEQUAL ANGLES — Continued 


1 


t 


1 


1 j 

' 1 

) 


1 

1 


I 



*A 187 1 


1 1 

1 1 

1 

1 


to . ^ 


♦A 196 V.. ' 



A 96 


to ; 

*A 204 ! 


1 


A 280 t : 

to 1 


1 

1 

1 



♦A 97 1 ! 

1 1 

1 


1 

J 

./ J 


J 


*A 212 
to 
*A98 


Sert.ion Index 


Hi/.?, 

Ini'hcH 


Thickness, 

Inches 


Weight jicr I'liot, 
J’nuuds 


*.\ 187 

! r, 

X 

3 ' 

"s 

*.V 188 

! f, 

X 

3':! 

i.i 

7\ 189 

5 

X 

3 >2 

I'.i 

A 190 


X 

3'2 

{A 

A 191 

5 

X 

3'.; 


A 192 


X 

3 ' 2 


A 193 


X 

3 '2 

H 

A 194 

5 

X 

3 ' 2 


A 195 

5 

X 

3 ' .. 

V's 

A 90 

-'■> 

X 

3-2 

i^ii 

*.\ 190 

5 

X 

3 

tit 

*A 197 

5 

X 

3 

u 

A 198 

5 

X 

3 

n 

A 109 

5 

X 

3 

% 

A 200 • 


X 

3 

A 201 

.5 

X 

3 


A 202 

5 

X 

3 


A 203 

5 

X 

3 

Vs 

A 28t? 

5 

X 

3 


*A 204 

4 ' 2 

X 

3 

i a 

*A 205 

•1 ' 2 

X 

.3 

/'4 

*A 200 

■1 'a 

X 

3 


*A 207 

4 '2 

X 

3 

**k 

*A 208 

4 >2 

X 

3 

I’h 

*A 209 

4 »•> 

X 

3 

• ■> 

*A 2 1 0 

4 'a 

X 

3 

If* 

*A2ll 

j 4U 

X 

3 


*A 97 

; 4*2 

X 

3 1 


*A212 

i 4 

X 

312 

Vi 

*A213 

1 4 

X 

3 ’2 1 

% 

*A214 

4 

X 


\h 

♦A 215 

4 

X 

3 1-2 , 

% 

*A210 

4 

X 

3 ' ; 


♦A 217 

4 

X 

3*3 1 


*A 218 

1 

X 

3 '^2 1 


*A 219 

4 

X 

3*^ 1 

H 

*A 98 

4 

X 

3*/3 1 

A 

♦Special, eeo page 65. 





22.7 
2i.:i 

19.8 

18.3 

1 0.8 
10.2 


12.0 

10.4 

8.7 

19.9 

JS.O 

17.1 

10.7 


12.8 

11.3 

9.8 

S.2 


18.5 

17.3 

lO.i) 

M.7 


11.9 

10.0 

9.1 

7.7 


18.5 

17.3 
10.0 
14.7 

13.3 

1 1 .9 
10.0 

9.1 

7.7 


01 



CARNEGIE STEEL COMPANY 


UNEQUAJ. ANGLES— Continued 


A 220 : 

to 

*A 283- 


'A 229 
to 

''A 286 


*A 238 ; 

to . 
A 245” 


23^"- 

- 


*A 252" 

to 

A 257 


2 --^ 


i.y 


•'>10 I Vt 

A 258 
to 

*A 262 


Section Im<1cx 

Size, 

Iiichea 

Thi<’ktieHS 

Inches 

Weight per Foot, 
Pouri.ls 

♦A 2120 

1 X 2 

j;. 

17.1 

*A 221 

1 X 2 


KhO 

♦A 222 

4 \ 2 

]h 

14..S 

A 22:i 

1 X 2 


12.0 

A 221 

1 X 2 


12.1 

A 22r, 

1 X 2 

i,- 

11.1 

A 220 

1 X 2 

I’n 

O.S 

A 227 

1 X 2 


8.5 

A 22.S 

1 X 2 


7 2 

*A 2 .s:i 

‘ 4 X 2 

/4 

5.8 

*A 220 

2 ' •; X 2 

li! 

15.8 

*A 2;<() 

2 ' . X 2 


14.7 

*A 22, 1 

2 ' 2 X 2 

1,\ 

12.0 

♦A 222 

2’ 2 X 


12.5 

A 222 

2 >2 X 2 

ft 

11.4 

A 221 

2’ 2 X 2 

10.2 

A 22;-) 

2 ' 2 X 2 


' 0.1 

A 220 

2 ' 2 X 2 

2'2 X 2 

k 

7.0 

A 227 

: 

0.0 

*A 2S0 

2j2X 2 

1 H 

5.4 

♦A 22.S 

2>2X2'2 

i 

! 12.5 

*A 220 

: 2l2X2'2 

k 

1 1.5 

■►A 210 

: 2'2X2'2 


: 10.4 

A2U 

' 2 ' 2 x 2 '-i 

i 2*2X2' 2 


! 0.4 

A 212 


i 8.2 

A 212 

1 2 ' 2 X 2 ' 2 

j 7.2 

A 244 

i 2*2X212 1 


0.1 

A 245 

! 2'2X2!2 

k 

4.9 

♦A 252 

1 2 x 2’^ 


0.5 

♦A 2;-, 2 

! 2 X 2\ 'i 

k 

8.5 

■A 254 

2 X 2*2 

k 

7.6 

A 255 

3 X 2 '2 

0.0 

A 250 

2 X 2*2 

A 

5.0 

A 257 

2 X 2 V 2 

H 

4.5 

*A 25S 

3x2 

/b 

7.7 

*A 250 

3 X 2 

6.8 

*A 200 

3 X 2 

k 

5.9 

♦A 201 1 

3x2 

A 

5.0 

*A 202 1 

3x2 

k 

4.1 


Special, see page 65. 
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ANGLES 


UNEQUAL ANGLES— Concluded 



- 1 h'i - 

i : 


1 

' Vs 



* A 264 

'2* 

* A GIO 

to 

(M 

to 

*A 523 


* AG12 

i:, » 

:^-i V, '■- 

- 1 ' i - 

J 


1 / — I—* 

’ ' 'h" 

A j 



*A 631- 
to 

*A 525 


*A 64G 
and 
*A 045 


* A G18 
to 

*A 620 


i^eetiun Index 

Size, 

Tnehoa 

Thiekiie.iB, 

Iiicliea 

*\ 2(>4 

21 2 X 2 

li 

*A 205 

2 4 X 2 


A 20«'» 

2*2 X 2 


A 207 

A 2C>S 

2 ‘ ij X 2 

* 


‘■i 

A 200 

2) 4 X 2 

\^(i 

t=A 523 

2Ii.x 2 

38 

*A 010 

2’.ix 1‘4 

10 

*.V <U1 

2'2 X 1', 

A 

’t'A I- 12 

‘i.'ii X U2 

If. 

*A 270 

2'i X 14 

.’2 

*A 27 1 

2-4 X 1'2 

IC 

*A 272 

2'., X 1>2 

A 

*A 273 

2!4 X I'a 

rii 

*.\ 274 

2.U X 1>2 

1 3-1 

*A 275 

2 >.4 X 1 ' ij 

fk 

+A 031 

2 X 1 

H 

■*=A014 

2 X 1>2 

Tk 

*A 015 

2 X lla 

A 

♦A 016 

2 X 1 >4 

x\ 

*A 525 

2 X 1)2 

H 

*A 04(5 

2 X IM 

A 

*A 045 

2 X VA 

A 

♦A 018 

Hi X lA 

1 A 

♦A 019 

m X iji 

A 

♦A 020 

m X lA 

H 

♦A 070 

VA^lA 

A 

♦A 023 

1’4 X l^i 

A 

♦A 024 

IH X lA 

A 


* Special, see page 55. 



* A 270 
to 

*A 276 



* A C70 
to 

*A624 


Wciftlit per Foot, 
J’ounds 


C.8 

tt.l 

5.8 
4.5 
3.02 
2.75 
l.cSO 

3.02 

3 . H ) 

2.14 

5.0 

5.0 

4.4 

3.66 

2.08 
2.28 

3.99 

3.39 

2.77 

2.12 

1.44 

2.55 

1.96 

2.34 

1.80 

1.23 

2.69 

2.13 

1.64 


93 . 



CARNEQIB STEEL COMPANY 


EQUAL TEES 



Size, Inches 

Tliieknesa, InchcH i 

WeiRht 

... 

Stein 

FlanKf j 


per Foot 


Stem 

Founds 


<•32 • 

0.10 to 0.55 ; 

0.45 

19.8 


4 

* 2 to ’J'ld i 

H to «)/i„ 

13.5 


4 

H to Vu, i 

H to Vio 

10.5 


33^ 


34 to •jin 

11.7 


3‘i 

% to Vtd : 

Vh to yin 

9.2 


3 

32to‘J'i« i 

M to ‘J^n 

9.9 


3 

■ yin to 3^2 { 

Yin to >2 

8.9 


3 

■ KtolU 

% to y,« 1 

7.8 


3 

:. ^/intoH \ 

to % \ 

6.7 



TEHS 


EQUAL TEES— Concluded 



Section 1 

IqiIcx j 

8izo, 1 

I'liingo 

iichoa 

Strin 

Thickness, Inches 1 

Flange 8toni j 

Weight 
per Foot, 
Pounds 

T 10 


232 1 

4 to ; 

.4 to 

6.4 

T 11 

2,4 

232 ; 

14 to 

la to ?8 

5.5 

T 12 

2M 

234 1 

la to ?,s 1 

1 « to 

4.9 

T l.'l 

2)i 

23i 1 

34 to I It I 

3.1 to 

4.1 

T 14 

2 

2 : 

in to ?s i 

A to? 8 

4.3 

T 15 

2 

2 

3-4 to i n 

4 to i^n 

3.56 

T 10 

IH 

m 

U to /n 

3'4 to lOn 

3.09 

T 17 

14 

14 

34 to 

i 3i to n «3 

2.47 

T 18 

14 

14 

ift to 33 

l“fl to /j 

1.94 

T 19 

IM 

14- 

4 to 

*4 to ^5 

2.02 

T20 

14 

14 

A to 

in to 3^3 

1.59 

T21 

1 

1 

A to 

A to ^ 

1.25 

T22 

1 

1 


4 to A 

0.89 


05 



CARNEQIE STEEL COMPANY 

UNEQUAL TEES 


f 5 ^ f..... 5I'. 



Section 

1 Size, Inches | 

Thicknoa 

a, Inches 

Weight 
per Koot| 

Index 

Flange 

Stem ' 

' Flange 

! stem 

! Pounds 

T50 j 

1 

5 ! 

3 

y 2 to j 

1 to % 

1 

13.4 

T 51 

5 


HtoA 1 

; 

10.9 

T52 

4H 

SH 

to /g 

1 li to 

15,7 

T54 

4^ 

3 


H to 

9.8 

T53 

4H 

3 

A to 8/1 ! 

1 Ato^ 1 

8.4 


9fl 





CARNEGIE STEEL COMPANY 

UNEQUAL TEES— Continued 



Section 

Sixe, Incbea 

'I'hicknesB, Inches 

Weight 

Index 

Flange 

Stem 

Flange 

Stem 

Povmda 

T61 

4 

3 

to 

% to A 

9.2 

T44 

4 

3 

A to ^ 

A to H 

7.8 

T62 

4 

2H 

^ to 

% to A 

8.5 

T63 

4 

2H 

rii to % 

A to % 

7.2 

T64 

4 

2 

% to I’n 

H to A 

7.8 

T65 

4 

2 

A to H 

A to 

6.7 

T66 

3H 

4 

1^2 to A 

H to 

12.6 

T67 

3H 

4 

^to A 

^ to A 

9.8 
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TEES 


UNEQUAL TEES— Continued 



Section 

1 SiBe, Inches 

1 Thickness, Inches 

1 We^ht 

Index 

! Flange 

I Stein 

Flange 

stem 

1 Pounds 

T 09 


3 

H to 

Li to 

! 10.8 

T 70 

3H 

3 


to 

8.5 

T 71 

3H 

3 

A to ^ 

H 

7.5 

T72 i 

3 

4 

Hto ^ 

}i to ^ 

11.7 

T 73 

3 

4 

/b to H 

/fl to H 

10.5 

T 74 

3 

4 

H to /a 

H to 

9.2 

T75 


3H 

H to 

Ja to 

10.8 

T70 

3 

3H 

A to li 

to H 

9.7 

T 77 

3 

3H 

% to 

H lo 1 

8.6 
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CARNEGIE STEEL COMPANY 

UNEQUAL TEES— Concluded 



pffctioii 



Maiis’r 


T 7S 


2 ' w 

T 70 

H ! 

2 ' 2 

'1’ M» 

I 


'r s:} 


:i 

'I’ SC) 

2' ■> ' 

I U 

'V N7 

2 ' 

14 

1' .-iio 

I 

2 

'I' (Hirj 

l!^ I 

IH 

*T 

i'i ! 

5' 


FuriiishtKi only by »pc( i:il arrangiMiient. 


'1 111 ' kiicsH, IiH'lx a 

I'laiii.''' Stem 

Wl'ii'lit 
JUT F ont 
Pomids 

4' «'> r.; 

:4 lo ,v. 

7.1 

I'rt 1“ 4 

Ai i'> '4 

r..i 

"s l‘> I'.l 

•4 t‘> ' 

7.1 

,1. n> 

A: 1>> 

(i.i 

ul :v- 

,’r. to ,ii ' 

2..S7 

li 1»> n; 

4' to A) ' 

:i.09 

lii 4 

li. to ‘.i ; 

2.45 

% 'A; 

J ti t o A 1 

1.25 

N<j. 9 

4 to No. 7 1 

0.88 
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TEES 

MISCELLANEOUS TEES 


*T 154 



*T 155 



*T 157 

158 





nrJ 

\f~ j‘'''[Tr \J. 



1 Size, Inches 

1 Thickiii sa, 

Ituhifl j 

Weisht 

Itulox 

j riaiiKc 

►'torn 

1 riaiiKc 

Stem 

per Fool , 
I’dlllltls 

*T irA 

: -i'a ’ 


i 

Soo out 

'l <<' li; ‘ 

7.0 

*T 150 ! 

4 

H 

SiHi ml 

‘.J (O 

n.;{ 

*T i57 1 

;i'2 

2'i 

Suo mt 1 

i» to I’i, 

7M 

*'r 15S 


2M 

I StHi ml 1 

Iff to l-r, i 

7.0 


* l'’urniflh(xl only liy special armnpcincnt. 
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CARNEQIE STEEL COAIPANY 


UNITED STATES STEEL StIEKT PILING 



M 10.5 12 'a j:i 

M 101 12>'a -iH liH 

M 10.‘{ 0 I 16 

This Cijiiipany iriunufactwn-s KrinsU’ilf Interlocking ('hijiincl liar Piling and Symmetrical 
InterlfHik ( 'haiincl Har J'iling in addition to United Statea Stecil Sh(«‘t Piling. Full information aa 
to the prope-rtica and usca of these aectiona is given in a separate pamphlet entitled “Steel Sheet 
Filing.'* 


104 





CARNEGIE STEEL COMPANY 

CHECKERED PLATE 






Section at Rib 


j^ction 

Index 


M 54 
M 53 
M 52 
M 51 
M 50 
M 40 


Thitrkmaw, 

Inches 


Vin 


Wiflth aiul Length, Indies 


r>.. 


« to llJ-8 

12 to 48 

ISJ'S to (50 

Square Fijot, 
Pounds 

120 

240 

210 

21.4 

120 

210 

240 

18.0 

120 

240 

240 

10.3 

120 

240 

240 

13.S 

120 

240 

240 

11.2 

120 

180 


8.7 


Checkered plates ol greater lengths than shown in the alwve table may be submitted for special 
consideration. 
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FLAT ROLLED STEEL 


RECTANGULAR AND CIRCULAR PLATE8— Carbon .Steel 

SHEARED PLATES, TIIREE-SIXTEENTIT INCHES AND UNDER. EXTHEME SIZES 


Thiekiitisa, 

I Weight, 


Widths and Lengths in Inches 



Diameter, 

Inches, 

1 I.bs. per 








B. w. (i. 

1 Hq. Ft. 

74 


70 

08 

00 1 

04 

00 

Inches 


i 7.0.5 

200 

220 

240 

250 

; 

270 

320 

37.5 

77 

No. 8 

♦>.73 


200 

210 

210 

230 

200 

280 

74 

No. 0 

0.01 



100 

170 

100 

220 

210 

70 

No. 10 

5.17 




144 

170 

200 

230 

08 

1 

5.10 





140 

150 

100 

00 

No. 1 i 

•".Sins Nolo 





110 

150 

100 

(‘.0 

Nu._ 1 2 

'*'800 Note 





120 

1.30 

141 

01 

Thickness. 

Weight, 

i 


! 42 


i 



Diameter, 

lnche,s 

Inches, 

Lbs. per 

54 

' 48 ! 

' 36 1 

30 

24 


B. W. (1. 

Sq. Ft. 





! 



bid 

7.0.5 

100 

4(K) 

: 400 : 

.375 

1 37.5 

400 

i 

77 

No. 8 

1 0.73 

300 

310 

350 i 

350 i 

j 350 ! 

340 


74 

No. 0 

1 0.01 

1 280 , 

300 1 

1 310 ; 

330 I 

' 330 ! 

280 


70 

No. 10 

! 5.17 

; 210 

, 200 

270 ; 

300 

, .300 

200 


08 

1 ' 

i 5.10 

i 200 

220 

230 , 

200 

' 2(>() 

200 


00 

No. it 

+,S(‘o Noto 

! 200 

220 

230 

20(t 

2()() 

200 


00 

No. 12 

ESoc Not(^ 

! 180 

200 

220 

i 210 

210 

240 


04 


HcctaiiKuliir I’laliis •'it/' tliick. over 74" wide and Cirnilar Plates ’Tm" thick, over 77" diameter 
can he ftirmslied In Kaj-T only and only under certain conditions. Such s!/.e.s lioiild he suhiiiitled for 
speeial con.sideration. 

Plates lighter than ’ .C' should Ik* specified to Rage only, as it is i^)t practicable to fiirnisli such 
light plates to weight. 

Plates of greater dinieusions than shown in above table, may U; submitted for special consideration. 


RECTANGULAR UNIVERSAL PLATES - Carbon Steel 

UNIVERSAL MILL PLATES, ONE-EOP HTII INCH AND OVER. EXTREME SIZES 


Thiek- 

ueAS, 

Ineheg 


I 

i ■ .s 

1 i's 
1 bi 


Weight, 


WidtRs and Lengths in Inche.«i 

is- i(i i.^)-n d(j-:it5:i5-:u:jo-2«i2.v2o U)-i7 10 - 1511-12 11 lo-oi 


‘ I 


! 


10.20 
12.75 ' 

l5.;io i 1200 


17.85 

20.40 


1820 

I.ISO 


I i 1020: 1020 1020 1020 .540i 540 

1 020 1 140 ! 1 200 ' 1:120 ! 1 ;i20 i 1080 1080 1 080 i 000 : 0(K) 

1200 ' 1320 i:iSO ^ i;i80 1 I.JSO 1 1080 1080 lO.SO : 000 I 840 

13201 1380! l.iSOi 1.380| i:bSO] 1080 1080: 1080 000 810 

13801 UbSOl 1380- l;{80l 1.380 1080: 1080 : 1080: 1020 840 


22.05 UbSOi i:bSO| 1.380i 1.3.80! UiSOl UlSO! 1080' 1080: 1080 1020 840 


:io.oo 

;i5.70 

40.80 

45.00 

51.00 
.50.10 
01.20 
oo.;jo 
71.40 
70..50 

81.00 


.50 i:bSOl i:i.SO; 1380; I. 38 OI 13 . 8 O 1 1380. 1080 I 1080 1 1080: 1020 840 
I 13531 13571 i:i»i3, 1372i i:i80; UlSOi lOSO 1080; 1080 


1 lOOj 1 10.3! 1 100 I 117711 18.8 


1015 

‘.103 

812 

738 

077 

025 

.580 

.541 

.507 


1018 
00.5 
81 I 
710 
070 
020 
.58 1 
543 
500 


1023! 10:{0: 1030 


010 ’ 0101 
818: 82 Ij 


741 ; 
082 [ 
020 ; 
584 1 
54.5 : 
511 ' 


710 
0.87 
031 j 
.588 ; 
5 10 , 
515 


024 
8.32 
7.5«i 
003 
010 
.50 1 
554 
510 


1203 

1052 

030 

.812 

700 

702 

048 


1080: 10.80; 1080 
1080 : 1080: 1080 
1 0,80 ! 10.80; 10.80 
1071 ] 10.80; 1080 
073: 1080 1 10.80 


000: .810 
000; 810 
000 840 
840 840 
840 .840 
840! .840 
.840 .810 


.802 1 050 ! 1080! 

.823 i i»78il0.80; 840 .840 
001 ! 705’ 908:103.8 7201720 

.501 i 714 8471 008 ; 000 720 

.5201 Oe.O 7011 007 i 000 ' 720 


Plates of greakr diinenaiona than shown in above table, may bo submitbHl for special consideration. 



CARNEGIE STEEL COMPANY 


RECTANGULAR AND CIRCULAR PLATES- Curhon Stool 

SHHARHI) F’LATKrf, ONE-KOUIITH INCH AND OVER, EXTREME SIZES 


Thick- 

Weight. 




Widths and Lengths in 

Inches 




Diam., 

ness, 

Iuche.s 

l,b.s. per 
Sip Ft. 

182 

120 

120 

lit 

lOS 

!02 

00 

UO 

SI 

7S 

Inches 

li 

10.20 




^^75 

250 

2S0 

800 

.880 

375 

100 

] 15 


12.7;-) 



240 

270 

820 

800 

8S0 [ 

420 

440 

400 

120 


i.'>.:io 

ISO 

210 

270 

' 820 

8«i5 

8S0 

410 ; 

450 

.800 

550 

132 


17.S;) 

200 

270 

800 

.80)0 

.870 

410 

480 

100 

510 

550 

132 

}4 

20.10 

210 

270 

820 

805 

100 

450 

ISO 

.810 

.850 

5S0 

134 


22. 0;*! 

210 

270 

880 

' 878 

120 

470 

.800 ' 

.880 

570 

C.00 

134 

5s 

2.-...^)0 

210 

800 

8.-)() 

800 

450 

.800 

.820 ' 

510 

000 

(.20 

1.84 

^ Vut 

2S.0', 

210 

800 

8ii0 

420 

4.80 

.800 

520 

540 

000 

020 

134 


;jo.oo 

240 

800 

.800 

' 100 

4.80 

400 

520 : 

540 

000 

<520 

134 


.iS.ir. 

2 10 

8(.)0 

810 

8S.‘, 

1 10 

400 

510 ' 

580 

C.OO 

020 

1.84 

Js 

A.-). 70 

24(.) 

800 

880 

' .875 

140 

ISO 

.810 ' 

5.80 

000 

<520 

134 

1 

10 . so 

210 

800 

800 

810 

1 10 

400 

500 

580 

5S0 

(500 

131 

1/s 

l.'i.oo 

240 

800 

800 

.8.80 

110 

4 10 

4.80 

500 

5;80 

5S0 

132 

1 }l 

Al.OO 

280 

270 

800 

810 

8S0 

100 

420 

100 

530 

550 

182 

l?.i 

()1.20 

210 

280 

200 

2S0 

880 

820 , 

840 ' 

420 

410 

ISO 

182 


71.10 

200 

200 

220 

■ 240 

2S() 

270 ' 

;R)() ; 

8S0 

8S0 

410 

182 

2 

SI. 00 

ISO 

l-VO 

100 

210 

210 

240 : 

2(iO ' 

820 

330 

3(50 

182 

2'i 

01 . so 

1 82 

100 

170 

100 

210 

210 : 

280 1 

2S0 

21)5 

320 

182 

Thick- 

neas, 

Inches 

Weight, i 
l-l).g. per 
Sip Ft. 

72 

' 00 

' 00 

' ' 

50 ■ 

48 

42 

30 

30 

24 

Diain., 

Inches 

li 

10.20 , 

480 

1 475 

525 

580 

580 , 

580 ! 

580 ; 

530 

7)30 M 

7)30 

115 


12.77) 

ISO 

500 

500 

.->.->() 

575 ; 

575 ' 

5.80 

550 

550 

5S0 

1 120 

K 

lo.SO 

000 

' 000 

' 020 

020 

020 

020 

0t)0 ' 

;8S() 

000 

000 

182 

iu 

17.S,j ' 

000 

080 

; 080 

040 

010 

010 

C.OO 

;8S0 ! 

(500 ' 

000 

■ 182 

}-2 

20.40 

010 

080 

080 

010 

040 

040 

000 ' 

;8S0 

(.30 

(.00 

! 1 84 

»/m. 

22.0.-) 

020 

040 

' 010 

010 

tilO 

040 

000 . 

5S0 

080 

(.00 

' 184 

''S 

2.^).;jO 

<i20 

0)40 

010 

010 

010 

010 

000 : 

.8S() 

C.OO 

(.00 

' 184 

ILr, 

2S.().') 

()20 

040 

040 

010 

(•)40 

040 

ooo 

.8S0 

000 

580 

184 


OO.OO 

020 

010 

040 

040 

040 

010 

000 

5S0 

000 

7)80 

184 


:i;ui5 , 

020 

f)40 

040 

040 

010 

040 

000 ; 

5S0 

570 

550 

' 184 

h 

:3r,.70 : 

020 

040 

040 

040 

040 

010 

000 ' 

5S0 

.850 

' 550 

: 134 

1 

lO.SO ' 

000 

r,8() 

' 0.80 

010 

040 

040 

5S0 

5S0 

520 

■ 530 

! 134 

IK 

4;-). 00 

7)S0 

020 

020 

040 

040 

040 ' 

5S0 ' 

7)S0 

520 

500 

132 

IK 

: 7)1.00 

r>.-io 

000 

; 000 

000 

000 

(iOO ' 

500 ; 

500 

520 

450 

132 

IK 

01.20 ; 

530 

000 

' 000 

000 

000 

000 1 

540 ; 

.810 

470 

1 430 

' 132 

IK 

: 71.40 ; 

l.'iO 

400 

' 550 

‘ 550 

: 550 

.850 

540 

540 

! 430 

1 3S0 

' 132 

2 

81.00 

400 

140 

! 480 

' 500 

: 500 

500 

500 

500 

400 

' 37)0 

' 132 

2}i 

! 01.80 

850 

800 

■ 420 

' 450 

' 450 

450 

450 

450 

■ 300 

! 200 

! 132 


Plates 4S" wide and under can also !» rolled on Universal Mills. 

For Rreatcr length and Universal Mill Sizes, 8(‘c Universal Mill Plate Table. 

Plates of greater dimensions than shown in alx)ve tables may be submitted for special consideration. 
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FLAT ROLLED STEEL 


RECTANGULAR PLATES— Ninkd Steel 

SIIEARKD PLATES. ONE-FOUHTII INCH AND OVER, EXTREME SIZES 

Widthfl ami iaaigllis in Iiichfs 

nfHs, , 1 ■ ^ 

Inches 102 0() I 00 j <S4 7S 72 | (>G 00 : .>t 50 l.S 12 i 50 50 , 24 

'-i i 240:240 2»)0 2S0 2S0 2S0 280 2S0 200 200 

‘‘1(1 I , 200 200 270 500 510 5 10 540 ' 5 10 510 510 510 

:'!s ‘Ao; 5 10 500 420 150 500 500 500 500 ISO 450 150 150 150 

lU 200 ' 500 , 500 400 450 ISO 520 520 520 520 500 100 100 ISO ISO 

.! a ; 270 520 5S0 420 lOO 4S5 ; 520 520 520 520 500 400 100 ISO ISO 

'>1„ 270::*.20 5S0 120 l(iO'4S5 520 520 520 520 500 100 400 ISO ISO 

' 270 1 500 ; 555 500 410 ISO 520 520 520 520 500 500 500 ISO 450 

"/i„ 200 300 555 500 4 10 400 400 500 500 500 500 500 ISO ISO 150 

;*.j 20() 500 555 500 4 10 150 100 500 500 500 500 500 ISO ISO 150 

0,*Li 200 500 i 555 500 140 140 100 ISO 500 500.500 500 ISO 400 410 

Js 200 P.OO 555 500 440 140 400 ISO ISO ISO ISO ISO ISO ' 450 140 

1 2(i0 200 520 570 400 450 110 400 ISO ISO ISO ISO 440 ' 420 420 

IJs 250 270 205 550 575 lOO 110 420 440 410 440 440 140 420120 

1 <4 240 200 2!)0 515 550 550 5<i0 580 500 400 400 420 120 ’ 400 400 

1.1 a 250 2()0 200 200 510 550 550 570 500 500 500 500 5S0 5S0 500 

l:''.i 220 250 250 270 500 510 550 550 570 500 500 5()0 5 10 ! 540 520 

2 210 ! 250 250! 200 200 205:510550 550. 570 570 510 520 ' 520 | 200 


R1‘:CTAXGULAR PLATLS - XicM Red 

VNIVI'lllSAL MILL PLATES, ONE-EOERTH INCH AND OVER, EXTREME SIZES 
Widflis and Lengths in lucluvs 


'1 hick- 


ncsn, 




— 


— 

Inches 

IS-IO 

15-4 1 40-3r»; 35-3 1:30-20 25-20 10-17 

10-1 5 i 11-12 

1 1 

lO-OJ 

’•1 



»‘>00 

0«iO (iOO 

510 

510 

‘;0(i 

510 

510 000 000 

720 , 7S0 7S0 

7S0' 7S0 

<)00 

000 


720 

720 7S0 • S40 

000 ' 000 1020 

1020 1020 

<)()0 

S40 

'in 

' 810 

S40 000 1020 

ioso ; lOSO 1020 

1020 1020 

000 ! 

840 


■ 0<)0 

000 lOSOjlllO 

1200 ! 1200 ' 1020 

1020 1020 

1020 

S4() 

"hi 

000 

000 lOSO 1 140 

1200 1200: 1020' 1020 1020 

1020 : 

S40 

'.’s 

000 

000 1020 lOSO 

1140 j 1 1 10 ! UKK) 

1000 ; 1020 

1020 ' 

SIO 


1 SIO 

SIO' 000 1020 

lOSO ■ IOSO i 1000 

1000 ' 1020 

000 ' 

SIO 

‘ s 

780 

7S0; SIO 000 

000 j 000 1 1000 

1000 1000 

000 i 

S40 

1 

i 720 

750 7S0 SIO 

S IO 1 000 ' 1000 

1000 1000 

000 ' 

SIO 

1?^ 

1 010 

007 003 I 725 

744 1 SOO ; 1000 

1000 ^ 1000 1 

S40 ' 

S40 

J }-\ 

^ 575 

000 ! 024 ! 052 

072: 720 1000 

1000 1000 

S40 

S40 

U's 

j 525 

545 507 i 503 

(iOO I 055 1 070 

1000 1000 

SIO : 

SIO 


1 ISO 

500 i 520 1 544 

540 1 000 1 SOO 

1000 !)S0 : 

SIO ! 

SIO 

1 :'s 

i -l-ld 

101' ISO 502 

504 , 554 1 S20 

07S ' OSO 

SIO ! 

840 


li'i 

2 


410 

5S4 

300 


42S ■ 
400 ' 
375 I 


445 

410 

300 


400 
435 ! 
lOS ! 


4S0 
444 1 
420 


514 I 
ISO ' 
150 ' 


705 

710 

070 


OOS 
847 
ro4 ! 


008, GOO 720 
OOS 000 ' 720 

•Ml sizes of Rectangular Nickel Steel Platcj} given in above tabit'a under I g" thick should be ' 
Rpeciificd to gage only. Plates yi" thick and over can be rollcil to either gage or weight per wpiare 



CARNEGIE STEEL COMPANY 


SQUARE EDGE FLATS 

Width ~ 

! Thickness 


H" 

to 3", 

wide, X any thickness. 

M", up to width. 

Over 3" 

to 5", 

wide, X any thickness. 

to 3", 

inclusive. 

Over 5" 

to 7". 

w'ide, X any thickness. 

to 2", 

inclusive. 

Over 7" 

to 732 " 

, wide, X any thicknei>s. 

to 13 2 " 

. inclusive. 

Over Tli" to*N", widi% x any thickness, 
Sizes not listed will be considered. 

‘■io" to 1" 

inclusive. 



\UT STEEL FLATS 

All sizes (»f Nut Htwil Flats uithin the range of S(iuare Fdge Flats can l>i- 
furnished. Some of the smaller sizes can be furnished in eoils. 


BAND EDGE FLATS 


Width 



<■ 

c 


1 [Thickness 

H", 


wide, X 

No. 

18 to No. 4 B. W. G. 

Vui", 


wide, X 

No. 

19 to No. 4 B. W. G. 

M". 


wid<‘, X 

No. 

22 to No. 4 B. W. G, 


to 1 ", 

wide, X 

No. 

23 to No. 4 B. W. G 

IVui" 

to 2", 

witle, X 

No. 

22 to No. 4 B. W. G, 


to 3", 

widi', X 

No. 

21 to No. 1 B. W. G, 

3V,r/' 

to 33 a" 

, w ide. X 

No. 

20 to No. 1 B. W. G, 

:y>/ur 

to 4", 

wMde, X 

No. 

19 to No. 1 B. W. G. 

4Vi«" 

to 43 ^', 

, wide, X 

No. 

IS to No. 1 B. W. G. 

4*!!,/' 

to 

', wide, X 

No. 

17 to No. 1 B. W. G. 

5H" 

to 6 ? 4 " 

, w id(N X 

No. 

10 to No. 1 B. \V. G. 


■ to S-’s", 

wide. X 

No. 

14 to No. 1 B. W. G. 

S' '/kj" 

to W' k", 

wide. X 

No. 

12 to No. 1 B. W. G. 


IOI 4 " 

’, wi<le, X 

N«». 

12 to No. 1 B. W. G. 


From to intormodlato widths can bo furnished. 

Ov<*r 05 ^^" in width, the size li.sted is tho only one which is rolled, but 
Intermediate widths will be considercxl. 


SKELP 

All sizes within tho range of Sheared Platos, Universal Mill Platas and 
Band Edge Flats can l)e furnislMMl. 
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MERCHANT BARS 


SQUARES 


[Zl 

Sizo to 2", inclusive, advancing l)y (Mths. 

Size to ItH". inclusive, advancing by 32(ls. 

Size .'J'Jio" to 5K", incIiLsive, a<lvuncing by IGtlis. 
Sfiuares can alsii I 30 rolled to dectiinal dimensions, if so arrang(«i. 
Squares and smaller can be furnished in coils. 


ROUND CORNERED SQUARES 

a. : Size 

Size 14" to inclusive, advancing l)y filths. 


ROUNDS 

Diameter 

Diameter "r-" to liU ". inclusive, ad vanciftg by fill lis. 
Diameter to .S'/', inclusive, ad\ancing by ;i2(ls. 

Diameier ii'let" lo 7". inclusive, advancing by Ifiths. 
lioiUKls can also be rolled to decimal dimensions, if so arranged, 
Itoiinds Tii" and smaller can l»e furnished in coils. 


HALF ROdNDS 

O 

Diameter 

Diameter to inclusive, advancing by filths. 

Diameier bYio" to 1 ?i", inclusive, advancing by Ifiths. 
Diameter 2", 2li", W’. 


HEXAGONS 



Size to VVin", inclusive, advancing by 32ds. 
Size IH" to 3Vi«", inclusive, advancing by Ifiths. 
Size 
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CARNEQie STEEL COMPANY 


AREAS OF RECTANGULAR SECTIONS 

SQUARE INCHES 


Thickness, Iik^Iu-s 


.063 

.07.8' 

.094' 

.109 

.125 

.141 

.1.50' 

.172 

.12.')! 

.1.56: 

.1.8.8; 

.219 

.250 

.2S1 

.31:5! 

.:i 14 

.is.s: 

.234 

.2,81 

.32, s 

.375 

.422 

.I09i 

.5 10; 

.250' 

.313 

.375, 

43, S 

..500 

.50;) 

.025| 

.0881 

ai.il 

..391' 

.109 

.547 

.025 

.70.3 

.7.81 1 

.8.59; 

.375! 

.4(;'.»' 

..503 

.050 

.7.50 

..SI 1 

.93S 1 

.0.31' 

.4:1.8 

..517 

.050' 

.700 

.875 

.9,M 

1.094' 1 

.Jo;’, 

.500 

.025 

.750' 


I.IXXI 1 

.125 

1.2,50 1 

.375. 

..563 

.U)3' 

.844' 

.9.84; 

1.1 Wl 

.200 1.400 1 

.547 1 


2' j; .025 .7S1 .lasl.OlU 1.250|l.4(Hi l.oti:', 1.71'j, l.!S7.V2.();51| 2.1!)| 2.:)4 

2'u .172, ,:vt4 .nl(» .tiSS' .s.'.f) l.u;{i l.2(i;{ l.:]7:):i.;)47 l.71‘t l.S'.M 2.<)r):5 2.2:{4l 2.111 2.')S 

3 .l^S .370 .5G;1 .750. .038 1.125 l.MU l.otH): 1.08h' l.t>75, 2.003, 2.250 2, 2,(13 2.SI 

I I I ! ! ! I I I I I 1 ' 

3'i .203: .400; .000 .813 1.010 1.210 1.422:1.02.5! I.82,S'2.0:J1 2.234 2.1.38 2.011 2.8ll 3.05 

3’ a .'210 .43.V: .0.50. ..S75 1.004.1.313 I.. 531 1.750;1.0()0 2.1.S8 2. lOO 2.02.5 2.S44I 3.(l0j 3.2,S 

35* .234| .400. .703. .038 1.172 1.4001.011 1..875 2.1(l0l2.314 2..57S:2..sl3 3.0l7i 3.2s 3..52 

4 .2,50, ..500 .750 1.000 1.250 1.500 1.7.50 2.000i2.250i2.500,2.750l3.000;3.2.5l) 3.50 3.75 

I : I I I 

Vi .200' .531, .797 1.003 1..3281..504 1.8.50 2.12.5 2.391 2.0;50'2.922!3.1S.8;3.4.53 .3.72 3.98 

4‘j .281 ..503; .814 1.12.5 1.400 l.0.8.S1.000'2.25();2..53ll2..SI3 3.091 3.375 3 0.50 3.04 1.22 

4>'4 .207! ..501! .801 1.1.SM.484 I.78I 2.07.S 2..37.5 2.072 2.000 3.200 3..50:;!3.S.50 4,10 4,4.5 

5 .313; .025' .938 1.250 1..503 1.875,2.188 2..500 2.813 3.12.5 3.43.\3.75lii 1.003 4.38 4.60 

> i I I I I I I I 

rj^i .328; .0.50 .0.84 1.313 1.041 1.0092.207|2.02.5 ‘2.9.53 3.281 3.600i3,938'4.200 4..50 4.92 

5‘j .311, .0.S.S 1.(131 l.3751.7102.O0.12.100:2.750;3.O94 3.43.8 3.78]!4. 125 4.100 4..81 ,5.10 

5 U .3.50 .710 1 .((78 1.138 1.797 2.1.502.510 2..87.5' 3.23 13..591i 3.9.531 4.3 13 1.072 .5.03 5 39 

6 .375, .750 1.125 1.500 1.875 2.2.50 2.025j3.000!3.375.3.750:4.l25 4.501) 4.875 5.25 S.O'l 

I ' I I I I I I 

0'4 ..301 .781 1.172 1..563 1.9.53 2..3442.734|3.12.5'3.510!3.900 4.207 4.688 5.078 .5.47 5.80 

O'j .100 .813 1.210 1.02.5:2.031 2.438 2.84 l|3.2.50'3.050!4.O03i4.409 4.875 5.281 .5.60 0.09 

trU .122' .81 lil.200 1.6882.109 2..5;n 2.9.53i3.375 3.707! 1.210 4.011 ,5.003 5.4.84 *.5.01 0.33 

7 .4381 .8;.54.:il3 1.7502.188 2.0253.003 3.51X):.3 .'j 38!4.375 4,813 .5.250 5.08.8 0.13 0..i(i 

7}i .4.531 ,006'l..3.5Jl.8I3 2.200 2.719 3.172 3.62.5 4.078 4..531 4.984 5.438 5..891 6.31 O.SO 

7!j .109: .9381.400 1.87.52.3142.8133.2.81 .3.7.5o|4.2l9|4.6.S,8 .5.15(1 5.025 0.094 G..50 7.03 

7:‘4 .484 .960 1.1.531.938 2.422 2.9003.301 3.S7.5i4.:{.50i4.84l'.5.32S .5.813 0.207 0.7.8 7.27 

8 .500 1.0(.X) 1. 500 2.(X)0 2..5lX) 3.000 3.5(X) 4,(XX)j 4.500 .5.0001.5.500 0.000 0.500 7.00 7..50 

.516^1.n31^1..547W).3 2..578Ln94 3.00914.12.5 4.04J,5.1,5o!.5.072 6.188 6.703 7.22 7.73 
8'.j ..531 1.003 1.5042.I252.0.503.l883.710|4.2.5Oi4.7Sl:.5.313;.5..844 6.375 0.900 7.44 7.97 

8 U ••5171 .091 1 .011 2.1S.S’2.734 3.281 3.S2.S 1.37.5; 4.922:. 5.409 0.010 0..503 7.109 7.00 8.20 

9 .503: 1 . 1 25; 1 .088 2.250 2.813 3.37.5 3.938 1..500j5.003 5.025,0.188 0.750 7.313 7.88 8.44 

I i I I 

9 '4 .578 1.150 1.7.34 2.313'2.S91 3.4694.047 4.G2.5I.5.203 .5.78l|0.3.59 0.9,38 7.510 8.09 8.07 

9) i .591 1.1,88 1.7.81 2.3752.909 3..563 4.1.50 4.7.5085.344 5.9.3.8i0..531 7.125 7.719 8.31 8.91 

9 U .0():» 1 .219 1 .828 2.438 3.047,3.0.50 4.206 4.875 .5.484 6.094l0.703 7.31 3 7.922 8.53 9. 1 4 

10 .02.5 1 .2.50,1 .875 2.500.3.12.5|3.750 4.375 5.000 5.625 6.250 0.875 7..5(X) 8.12.5 8.75 9.38 

10', i .611^1.2,8I 1.9222..5633.203L844L484 .5.125 .5.766 6.406 7.047 7.688 8..328 8.97 9.61 

10' ai .6.50 1.313L9692.62.5.3.2Sl:.3.938 l..594 .5.2.50 .5.903 6..563 7.219 7.875 8..531 9.19 9.84 

10 il* .672 I..314 2.010 2.088.3.3.59 4.031 4.703 5.37.5 6.047 6.719i7..391 8.06:5 8.734 9.41 10.08 

11 ,088 1.3752,(903,2.750.3.438 l.U’.ijl.SlS .5.5(K) 0.188 0.87,5 7..563 8.250 8.938 9.03 10.31 

UH .70.3;i.4no^2.in9 2.813 3.516I4.2194.922 .5.62.5 6..32S 7.0.31 7.734 8.4.38 9.141 9.84 in..5.5 

11 ' a .719;I.4.38 2.1.56 2.875 ;4..594 '4.3 13. 5.031 5.7.50 6.469 7.188 7.906 8.625 9.344 10.06 10.78 

1 1 H .7.34 1.409;2.203 2.9.38i.3.072l4.406,5.141 5.87.5 0.009 7..344 8.078 8.813 9..547 10.28 11.02 

12 .750ll.500|2.250i3.0(K)l3.750 4.600:5.250 6.000 6.750 7.500 8.250 9.000 9.750 10.50 1 1.25 


.50 

.75 

l.OO 

1.2.5 
1.50 
1.75 
2. (JO 


2.50 

2.75 

3.00 

3.25 

3.50 

3.75 

4.00 

4.25 

4. . 50 

4.75 

5.00 

5.25 

5. . 50 

5.75 
0.00 

6.25 

6.50 

6.75 

7.00 

7.25 

7.50 

7.75 

8.00 

8.25 

8.. 50 

8.75 
9.00 

9.25 

9.. 50 

9.75 < 
10.00 

10.25 

10.. 50 

10.75 
11.00 

11.25 

11. . 50 

11.75 
12.00 
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AREAS OF RECTANGLES 

ARKAS OF RECTANGULAR SECTIONS— Continued 

SQUARE INCHES 


Width, 

Iiichca 


Thicknofifl, Ihi-Iii'h 


u 

VVA 

14 

U'i 

I'l 

10 


i ' "i I 

.7«l: 1. 00312.. Till 3.1:1 
.,si;iii.02r42.4:{sj 3.2 
..S44ll.0S.sl2.r.3l! 3.3 
.875|l.7.5();2.02.5j S.-OUj 

.900;i..S1.3!2.71fl! 3.031 


fKl.-sj 7!()0j 
6.31i 7.2i 


7.03; 7.81 
7.311 8.13 
7..W 8.44 
i .88! 8.7<> 


8.10 


i:is'l.87'i|2.8i;-: 3.7.01 4.0» .O.Oir t>..')0, 7.00 i 8.44 

1.!»:58:2.1>U0: 3.S8| 4.81 

.()()() '2.000:3.000i 4.00, 5.00 


.ij : 


1.00()'2.000:3.000j 4.00, 5.00 0.00^ 7.00 8.00i O.UOi 

J . 


«j % 


8.59 9..38 10.10 10.94.11.72 12..70 
8.94 9.76|]0..50 11.38:12.111 l.'i.oo 
9.28 lO.i;!! 10.97: 11.81 ■ 12.00 i:5..70 
9.63 1 0.50j 1 1 .38 1 2 .25 1 3. 1 iij 1 4 .00 

O.Ofil 9.97! 10..S8! 11.78* 12.09^ 13.59; 14.50 

9.. 35| 10.31 1 1.25 12.10 13. 13; 11.00 15.00 

9.091 10.00. 11.03' 12..59 i:;..50 I4.5;i 15.50 
]O.00|ll.;)0 12.00 13.00 1 1.00 15.00 10.00 

' ,1.. J, 


10'.'/l.03i:2.n033.094 4.13' 5.10' 0.19 7.22' K.25i 9.2s! I0.3l' 1 1.31 12.:1 h' 13.41 14. 1l'l5.47 10.50 

17 1.003 2.1353.188! 4.25: 5.31 0.38 7.44 8..50: 9.50 10.03 11.09 12.75 13.81 14.88 15.91 17.00 

174 1.0'i4 2.i883.2Sl! 4.38, 5.47 0.50 7.00 8 75; 9.84 10.94 12.03 13.13: 14.22, 15.31 10.41 17.50 

18 ;1.12:) 2.250,3.375: 4.50, 5.03, 0.75; 7.88: 9.00, 10.13 11.2,5 12.38, 13.50j 14.03: 15.75 10.88 18.00 

18>Jl.l5ri'2.313L409! 4.03| o.Ts' 0.94 8.00| 9.25'l0.4l 11.50 I2.72;'l3.8Si 15.03 10.19; 17.31^,50 

■ ;;{ 4 , 75 ; 5.94; 7.13 8.31 9.5oilO.09'll.88: l;{.00:i4.25' 15,44 10.03 17.N1 19.00 


19 11.18812.375.3.503 • 

19) 2,1.219 2.4,38,3.050; 4.N,S| 0.09j 

20 1.250,2.500|3.750j 5.00 0.25 

20) 2'1.‘28i|2..503!3.844 5.13 0.41 

21 !l.3l3,2.025 3.938; 5.2.5' 0.50| 

2 II 2 l.344i2.08,N4,03l! 5..3S| 0.72; S.oo! 9.4lil0.75 


22 ;1.37.5 2.750'4.125 

I I 

22 400 2.81.3!4.219 

23 1.438 2.S75i4.3i;i 
23)2 1.409 2.9:{s!4.406 


27 

28 

29 

30 

31 

32 

33 

34 

35 
30 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 


1.500;3.000'4.500| 

I..563:3.125!4.688! 

1.025 5.25014.875 , 

1.0S8;3.3^);,5.00;5! 0.75 
1.75l)j3.5005.250 7.(K) 


1.813 3.625 
,1.875 1.5.750 
il.9;5s!3.S75 
|2.(K)0:4.(K)0 

2.063 Li 25 
12. 1 25 14.250 
2.1.88 4.375 
2.250j4.5(Kl 

2.313 4.625 


2.375 

2.438 

2.500 

2.563 

2.625 

2.688 

2.750 

2.813 

2.875 

2.938 

3.000 


4.750 

14.875 

5.0(M) 

15.125 

5.2.50 

5.375 

5.500 

5.625 

5.760 

5.876 

16.0()Q|! 


15.438 

,5.025 

5.813 

0.000 

6.188 

0.375 

0.563 

6.760 

6.938 

7.125 

7.313 


8.813 

I 9 .OO 0 I 


0.01 it..';): l;.,M Ui.l) 

7.31 8 .. 5 . 3 I 9.75;iO.9712.19ll3.4ri4.03:i5.S4;17.00 I8.2,s 19..50 
7.50 8.7510.00:11.25:12.50113.75 1.5,00 10.25 17.50 18.75j20.0U 

7.69 8.97!l0.2.5i II.. 53 ! 12 . 81 I H.oJ 15.38* 16.00: 17.04 19.22 20.50 
“.88 9.19!l0..5flill.8Ijl3.i;n4.44h5.T5'l7.00j 18.38 19.09 21.00 

12.09I13.44;M,7.n; 10.13 l7.47ilN.Sl 20.10 21..50 

12.3Sjl3.75 15.13 10.50, 17.881 19.25 20.03 22.00 

1 2 . 00 ; 1 4 .no! 1 5 . 47 ! 1 0.88* 18.28! 1 9.C!)!21 .Oo! 22.50 
1 2.94' 14.3S: 15.81 ' 1 7.25' 1 N.09|20.1 3: 2 1 .50 23.00 
13.22' 14.69; 16. 16 17.6319.O9i2O..50‘ 22.03 23.50 
13.50j 15.00j 16..50, 18.00| 1 0.aO' 2 1 .001 22.50 24.00 

14.0G; I 5 . 63 li 7 .i 9 ! IS.T.oLo.ni !21 .8S 23.44*25.00 
U.O:}, 16.25' 17.S8| 19..50 21 .13; 22 . 75 : 24.38 26.tM) 
1 . 5 . 19 : 16.88: 1S..50 20.2.5 21.94123.63:25.31 27.(X) 
1.5.75i 


8.25i 9.03:11.00 

8.44 9.S411.25 
8.03ll0.(l0n..5()| 
8..S1:10.2.S!||.75 
9.00 10.50 I 2 .OOI 

9.38 I0.94!i 2..50 
9.7.5!n.38!l3.00i 
8.44:l0.13jll.81, 13.50 
8 . 751 10.50il2.25j 14.00 

9.06!i 0.88 12.69:14.50 
9.38ill.2.)'l'3.13il.5.00 


8.25l0.3jll2..3s:i4.44il6.50 
8.5010.6312.75:14.8817.00 
8.75il0.94;13.13,1.5.3l;i7..50 
9.0011 1.2511, 3.60;ir).7.5 18.00 


njii J 

9.25'll.56:i3.88! 

9..50;i 1.88,14.251 
9 . 7.5 t2.19;i4.G3il7.06ll9..50| 


16.19!18..501 

16.03!19.n0j 


17.500 10.0t)il2.50il5.0017.5020.00i22..50:25.lH)| 


7,68810.2.512.81 


1.25 

111.50 

11.75 


!14.06 

14.38 

14.69 


1 1.5.7.5118.3,8 
16.13118.811 
16.6019.251 

16.88llfl.69 

I 7 . 25 i 20 .i 3 ! 

17.63:20.50: 


10.31 

16.88 


1 7.50j 19.25: 21 .00 22.75j 24.50:26.25 28.00 

18.131 19.94:21 . 75 : 23.56 25.38^7.19: 29.00 
18.75120.03 22.50;24.38 26.25 28.13 30.00 
9.69'n.6:U3..56il5ii0ll7.44'l9.3.8|2l.3l 23.25;25.19!27.13;29.0(i 31.00 
|10 .OO!i2.()(),14.0016.00 18.00:20.0O;22.OO'24.1H) 26.00! 28.00;30.00 :;2.0() 

' i I 

18.56|20.63!22.69 24.75 26.S1|28.88:30.94 33.00 
19.13:21 .25j 23.3N, 25.50 27.03! 29.75: 31 .88, 34.00 
19.69i21.S8 21.06 26.25:28.4 4i30.63:32.81 35.00 
I20.25i22..50i24.75|27.00i29.25j31.50 33.75,36.00 

27 . 75 !. 30.06!32.38’ 34.69* 37.00 
2S.5o; 30.8S: 33.25i 35 .63 , 38.00 
21 . 94 : 24.3Si 26.81 j29.2531 1 .69| 34. 13! 36.56; 39.('() 


1 20.81 23.1312.5,44 
|21.3S;23.75i26.l3 


|20.,50 23.06:25.63 
21. 00i23.63 26.2.5 
24.19. 26.88| 
134.7527.50 


121. .50 

22.00 


22.60 

123.00 

23.60 


25.31 

25.88 

26.44 


28.13 

28.75 

29.38 


27.50' 30.()0j32.50| 35.00, 37.50; 40.00 

28.19|.30.7.5:.33.3i!35.R8!38.44!41.(«) 
2S.8S; 3 1 . 50 : 34 .13: 36.75j 39.38 : 4 2.00 

29.. 56j 32.25' 34.94 ' 37.63j 40.3 143 .00 
30.25j33.00!35.75j38.50 41.25:44.00 

.30.94* 33.75* 36.56 39.38 42. 19! 45.00 

31.63134.. 50;37.38;40.25 43.13j46.00 
32.31 35.251 IlS.loUl .13 44.061 47.00 


ll2.00ll5.00|l8.00!21.00l24.00l27.00l30.00l33,00|3G.OO]39.00l42.00]45.00l48.00 
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CARNEQIE STEEL COMPANY 


AREAS OF RECTANGULAR SECTIONS— Condudcd 

SQUARE INCHES 


Width, 1_ 
Inches: 




Thickness, Inidics 

"Vin 1 1 1 ‘"/H 'W h'*'i 


X 


■f 


."iO 


4:i.7rh\ 

44.6;} 

45.50 

46.38 

47.25 

148.13 

49.00 

49.8S 


47!i3L50J5' 


47.9 1 ; 
48. 


.51.03 

,50 


47.811 

48.75] 


49.00 

50.00 

51.00 

52.00 


9. 1 9 1 2.25, 1.5.3 1 1.S.3.S'21 .4 1 24.50 ! 27.56'. 30.63 
9.3.8 12.50:1.5.63il8.75;21.8S,25.00;28.l3:31.2.5 34.38|37..5l 
9.56 1 2.75115.94: 19. 1 3'22.3 1 ' 25.50 ' 2S.69j3 1 .88: 35.00 ! 38.2; 
9.7513.00,16.25jl9.50|22.75,26.00:29.25i32.50|35.75 39.00l 
! I I 

0.94 13.2.5:1 6..56' 1 9.8S 23.19 26.,50' 29..S1 .33. 13'.36.44'39.7.5 

10.13 13.50:16.88 20.25.23.63 27.00!30.3.si33.75'.37.13 40.50| 

6.8,S|10.3I 13.7517.19i20.63l24.06 27.50i30.94i34.38 37.81:41.25 
7.00 10.50^14.0():i7.50;21.00j24.50,28.00,31.50, 35,00 38.50.42.00] 

7.13'l0.09'l4.25'l7.8l!21.38'24.94 2S.5o!.32.06'35.63 39.19 42.7; 

7.25 10.88 14.50 18.13 21.75,25.38 29.00 32.6.3 36.25i39.SS]43.50 

7.. 38:i 1 .06 14.75 18.44 22.13 25.81 29..50:33,I9:36.8S 40.56:44.25 

7.50111.25 15.00118.75122.5026.25.. 30.00.33.75j37.50 41.25|45.00 

7.63 11.44'l5.2,5ll9.O6'22.S8'26.69 3O..50|34.31'38.13!41. 94' 45.75 
7.75!1 1.63 15..5019.38'23.25 27.13 31.00:.34.88'3S.75: 12.63 46..50 
7.8s;i 1.81 15.7.5'l9.09'23.63 27..50 3I..50i35.44!.39.3s:43.3i;47.25 
8.0042.00 16.0020.00 24.00 28.00| 32.00. .36.(M):40.00|44.00 48.00j 

8.13’12.19’i6.25!20..3i!24..3s! 2S,44 32..50 36..56‘4(Mi3 1 1.6:»' ls.7.5 52.,8l '56.8.'''60.!)4 Vm.OO 
8.2.5:12..38 16.;50, 20. 63:24. 7.5 28.88 33.00.37.13 11.2.5 4.5.3^ I9..5'i, .53.6.1, 57.75, 6I.8‘' 'Hi.CO 


8!.38ll2'.5616.752o!94 25.13 29..31'.3.3!.50:.37/»9'4L8S'46.06'.50;25 
8.50,12.75 17.00|21.25 25.50|29.75.34.00.3.S.25j42.50.46.75,51.00 

8.6.3!i2.94'i7.2,5'21..56L>.5.8S30.19'34..5o'3S.8I:43.1.3'47.44'51.7.5 


3.06 

3.13 
.3.19 

3.25 

3.31 

3.38 
3.44 

3.. 50 

3.. 501 
3.631 
3.69] 

3.81 
3.88] 

3.94 

4.00 

4.06 
4,1.3 
4.19 

4.25 

4.31 

4.38 

4.14 
4.50| 

4.56] 

4.63 
4. 69 1 
4.75 

: 4.81 

■ 4.H8| 

4.94 

5.001 

5.00’i 0.13!15.1920.2.5’2.5.31].30..3.S'.35.44 40..50!4.5..56'50.G3'55,69|00.75 
5.I3|l0.2;5:i.5..38 2O..5O2.5.n.3 30.7.53.5.88 41.00'46.13 51.25 .56.38'61.. 50 

5. 1 Oj 1 0..3,S 15.56 20.75 2,5.94:31.13 .36.31 4 1 ..5ol46.69 5 1 .88 57.06 62.2.5 
5.25jl0.50:15.7.5|21.0026.25i31.50..36.75 42.00j47.25 52.50.57.75,63.00 

5.31 10.63 15.n421.2526..50 31.88.37.19 42..50:47.81:.53.13'58.44j0.3.75 
5.38:10.7.5 16.13;21..50;26.88i.32.2.5 37.63 43.0ui48.3s:5.3.75:.59.1,3:64.50j 
5.44' 10 8S|l6.31 21.7.5;27.19'32.63 38.06 43..5(r48.94!,54.38l59.Ki;6.5.2,5 
5.50jll.(K)jlG..50 22.00j27,50;.3.3.00 38.50 44.00'49.50 55.00,60.50 60.00 

.5..56lll.]316.69'22.2.527.81.33..38m94 44..5o!50.O6 SS.es’oi.lfl 66.75 
5.63il 1.25ll6.88!22 50:28.13;33.75;39.38i45.00i.50.63 ,56.25'61 .88]G7..50 
5.6911 l.,38|l7.O0;22.75:2S.44i.34.1.3i39.8I:4.5..50i51.19.50..88 G2..56:68.25 
5.75(11.50,17.2523.00:28.75 34.50j40.25.46.00j51.75 57.50|63.25j69.00 

11.6.3'17.44'23.25!29.06|34.8840.69!46..50I62.31.58.13'63.94I69.75 
11.75'l7.6.3i2.3.5O;29.38|3.5.25!41.13j47.1K»|.52.88.58.75l04.63[70.50 


39.81 

40.03] 

41.44 

42.25 

43.00 

43.88 

44.69 

45.50 

46.31 


49.69' .53.00 

50.631. 54.00 

5 1.. 561. 5.5.00 
.52..50j 56.00 

.53.44 jsr.OO 

51. . 18. 58.00 
.55.31 1.59.00 

56.2.5160.00 

.lo'ei.oo 

58. i::: 02.00 
59.06 63.00 


,50.38!. 54.2.5 
51.19|.5.5.1.3 
.52.00 56.00 60.00l64.00 


.54.44 58.63 
] 55.25 .59..50 

.56.06160.38 


8.75:13.13 I7..5l)2l..^^ 26 2.5.;'i.i..} 3.5.(i<i'39.38 •13.75:48.13:.52..5()l.56.8.8j61.2,5 
8.8.8 13.31 17.7V2.19,2'i.'i.: il.'M. 3.5..5'»i39.9l 44.3.S'48.8i:,53.2.5l57.09!62.l:i 
9.00 13.50 18.UU:22..50;27.00,31.50 36.OU'40.,5Oj45.UOi49.5Ol54.0ol58.50;63.()O 


9. 1 3*1 3.69 1 8.25 22.81 27.38 3 1 .94 36.50 1 .06i45.63! 
9.25jl3..S8 I8..50i23.13:27.7.5,:i2.:i.S 37.00 41.63:40.25 
9.3814.0618.75,23.44:28.13 32.81 37..50| 12.19 46.88 
9.50jl4.2.5;19.00(23.75:28.50i.33.25,38.00;42.75 47.50 

I.. X J..O 


50.1954.75 
.50.88 55.5()| 
51.56 56.2.' 
i52.25 57.00! 


,62.81,67.00 

|63.7;5jfhS.OO 

64.69 69.00 
[6.5.63 70.00 


59.31 

60.13] 

60.94 

61.75| 


9.63 14.44 19.2524.06 28.88.3.3.60 38.50'43.3l!48.13 52.94'57.75]62.56 
9.7.5'14.63 19..50 24,38 29.25,34.13 39.00 '43.88 48.75 53.63 58.50 63.381 
9.88 1.1.81 19.7524.69 29.63 34..56 39.50 44.44'49.38 54.31 59.25|64.19! 
[10.00, 15.00.20.00,25.00 30.00,35.00 40.00;45.00;50.0U,55.00| OO.OOi 65.00] 

65.81 


[67.44;72.6:il77.81 183.00 


11.881 7.81 i23.7.5i29.69 
12.fK>,i8.00 24.0030.00 

12.13 18.1924.2.51.30.31 
12.2.5 18.38 24..50 30.6.3 


3 5.6.3|4 1 ..56 47..50 1 53.44 j 59.38' 6.5.3 1 
|36.00 42.00 48.00 54.00i60.00j 66.00 

.36.3842.44 48..5o! 54..50*60.6.3 66.69 
.36.7542.88 49.00;5.5.1.3j61.2.5;67..38 


6.19 12.38 l,8.,56,2475.3n.'94; 37.13 43.31 49A0 55.69| 61. 88168.061 
6.25 ] 12.50, 18.75i25.00;31 .25137.50 43.75 50.00 56.25] 62.50| 08.76] 


71.25 

72.00 

72.75 

73.50 

74.25 

75.00 


63.88 
61.75 
65.63 
66.50 

e7..38 

68.25 

69.13 

70.00 

70.88 


(66.56 

07.50 

68.44 

69.38 

70.31 

71.25 

72.19 


1.00 

72.00 

73.00 

71.00 

75.00 

76.00 

77.00 


3,13178.00 
74.06[ 79.00 
75.lX)j 80.00 

7.5.94 81.00 
76.88 82.00 


68.25 

69.06 

(69.88 

70.69 

71.50 

[72.31 

73.13 

73.94 

74.75 

75..56 

76.-38 

77.19 

78.00 

78.81 

79.63 

80.44 

81.25 


73.50178.75:84.00 


74.38 

75.25 

76.13 

77.00 

[77.88 

78.75 

[79.83 

80.50 

81,.38 

82.25 

83.13 

84.00 

84.88 

85.7.5| 

86.63 

87.60 


79.69 

80.63 

81.56 

82.50 

18.3.44 

‘84.38 

[85.31 

86.25 

87.19 

88.13 

89.06 

9O.00 

90.94 

91.88 

92.81 

93.75] 


85.00 

86.00 

87.00 

88.00 


90.00 
91.(X) 

92.00 

[93.00 

94.00 

95.00 
'96.00 

97.00 
[98.00 

1 99.00 

100.0 
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WEIGHTS OF FLAT ROLLED STEEL 


Wi]IGHTS OF FLAT ROLLED STEEL 

POUNDS PKii tjnp:al foot 


Thickness, Inches 


I.t Am .1061 .15!) .21:1; .27; .32' .37 .43; .43 ..)3 ..5S'; .64; .60; .74| .SO: .s.', 

I 2 .106 .2l3r.3l!) .425 ..53. .04' .74 ..Sol .'•'<) l-‘»' 1-17, 1.2Hi 1.3S 1.40 1.50 1.70 

3; 150 .310! .47H .63Si .80 .96' 1.12 1.2Sl 1.43, I .50, 1.7.5i 1-01! 2.07 2.23 2.3!)! 2.55 

1 .213 .425; .638 .8501 1.06; 1.2s; 1.40 1.7uj l.Oi; 2.13. 2.:i4| 2..55 2.76 2.08 3.10i 3.40 


P 4 .266 ..531 .707 1.063 1.33 1.50 1..86 2.131 2.30 2.66| 2.92j 3.19 3.45 3.72 3.98 4.25 

1'., .310 .63S[ .9.56 1.275 1..50| 1.91 2.23 2..55| 2.87 3.19 3.5l| 3..S3 4.14 4.16 4.7S| .5.10 

372 .744 1.116'1.4S8 1.S6 2.23 2.60 2.081 3.35 3.72 4.00; 4.46 4.83 5,21 5.58 5.05 

2 ' .42.5 . 8.50 l.275|l.700' 2.13, 2 . 55 I 2.0.8j 3.40 .3..S3 4.25j 4.68 5.10 5..53 6.95 6.38 6.80 

2 ' 4 ' .478 .9.56^1.434 1.913! 2.3!V 2.S7; 3 . 3 . 5 ! 3.S3 4.30 4.78| 5.26 5.74 0.22 6.69 7.17 7.65 

2';! ..531 1.063 1..594 2.125j 2.66 3 . 19 : 3.72| 4.25 4.78 5.3 Ij 5.8-1 6.3S 6.91 7.44 7.97 8.50 

2i'4 ..5 Si!i. 169 1.7.53 2.33.81 2.92| 3.51' l.OO' 4.68 .5.26i 5.84: 6.43; 7.01 7.60 8.18 8.771 9.35 

3 .638 1 1.27, 54 .9 13, 2.550 3.19: 3.83! 4.16! 5.10 5.74j 6.3.8| 7.0l| 7.65 8.20 8.93 9.56 10.20 

V4 . 6 O 1 I 1 . 3 S 1 L 072 L 763 I 3.4.% 4 . 14 ! 4..S3 5..53 6.22; 6 . 01 ! 7.60* 8.20 8.0.S 9.67 10..36' 11.05 

3'.^ .744!1.48S2.2:11|2.07.5! 3.72 4.40! 5.21 5.95 6.69 7.14! .8.1.8' 8.93 9.67 10.11 11.16 11,00 

3?4 .707 1..5!ll‘2..3!)l'3.1SS, 3.!i.s; 4.7.8; 5.5S 6.:i.S 7.17! 7.07 8 77l 9..56;i0.36!ll.I6 1 1.!I5 12.75 

4 .,8.50 1.700 2..550 1.400 4.2.5! S.IO^ 5.05 6..80 7.6.5 8..50 9.3.5, 10.20|11.0.5|1 1.90,12.7.5^ 13.60 

4 '4 .903 1.. 806 2.709 3.013 4..52! 5.42; 6..32 7.23 8.13 9.0.3 9.93'l0..84 11.74 12.64^3..55' 14.45 

4i .> .9.56 1.913 2.869 3.82.5 4.7,8' 5.74 6.6!) 7.65 8.61 9.56 10.52 11.48 12.43,13.30 l l.;i4 1.5 30 

4«,i 1.000 2 010 3.028 4.038 5.0.5i 6.06; 7.07 .8.08 9.0.8 10.00.11.10 12.11113.12:14.13 15.14 16.15 

5 il. 063 2.12, 5j3.l88 4.250 5.31, 0.38, 7.44 8..50 9.56. 10.63| n.09j42.75|l3.81jl4.8,S 15.04; 17.00 

5 V 4 A. 1 16 2.231*3.347 4.463 5..58| 6.69, 7..81 8.93 10.04' 11.16; 12.27* i:i.39ll4..50l 1.5.62 16.73* 17..S.5 

5' .'l.l60 2.33Si3.506 4.675 5,. 84 7.01' 8.1S U.35!l0.,52 1I.69:I2..86 14.0.3' 15.19,16.30 17..53 18.70 

1.222 2.4113.606 4.8.88! 6.11 7.33. 8..55 9.7.8:11.00 12.22 13.44 14.66;i.5.SS'l7.1I;lS.33:10.55 

6 1.275 2.550:3.825 5.100 6.3.S 7.65j 8.93 10.20: 11.48 12.75,14.03 1.5.30! 16.58jl7.85jl9.13|20.40 

OU 1.328 2 . 6 . 5 J 3.984 .5.313 6.64 7.97 9.30 1 0.63 ! 1 1.9.5 1.3.28 14.0 J 15.94' 17.27; 18..59U.92 21.2.5 

6' .. 1.3si 2.7(i:l!4.114 .5..52.5 6.91 8.29' 9.67 1 1.05'l2.4:! 13.811,5.19 16..5S 17.96:19.34 20.72 22.10 

6?i 1.131 2.S69I4.303. 5.7.38 7.17 8.61 10.04 ll.lsjl2.9l M..34. 1.5.78 17.2l| 18.65:20.08 21., 52 22.95 

7 1.4.88 2.975i4.4().3 5.9.50, 7.41; 8.93 10.41; 11.90 13.39. 14.8.8,16.36, l7.8.5il9.34,20.S3i 22.31 23.80 

I I I I I I I I i 

7U l.Ml 3.0,Sll4.622 0.163 7.7o! 9.24 10.7.S 12.33! 13..87 1.5.41 ! 16.9.5 18.49’ 20.03 21..57' 23. 1 1 24.65 
1.594 3.I.SST.781 6.375| 7.97! 9., 56 11.16 12.75 14.34 15.94 17.53 19.13 20.72 22.31 23.91 25.50 

7='4 1.647.3.2914.941 0.588: 8.23 9.SS IJ.. 53! 13.18 11., 82 I6.47jl.8.12 19.76 21.41 23.06 21.70 26.35 

8 1.700 3.4(X). 5.100 O.SOOj 8..5U' 10.20 11. Oo! 13.60 15.30, 17.00jl8.70 20.40| 22.10 23.80| 25.50^ 27.20 

8',.^ 1.7.53 3..506-.5.259 7.OI.3I 8.77^ 10.52^1 2.27' 14.03 1 5.78! 17..53!l9.2S 21.04 22.79!24..54,2C.30'2S.0.5 

8' a 1.806 3.613 5.419 7.225 9.03 10.81 12.64! 14.45 16.26:1.8.06 19.87 21.68 23.48 25.29 27.09 28.90 

884 1.8.59 3.7 19;5..57S 7 . 4 . 3 s' 9.30 11.16 13.02 14..8H 16,73il8..59, 20.45 22.31 24.17 26.03 27., SI) 29.75 

9 1.913 3.825 ;j.73S 7.650j 9.56 11.4.8 13.39 15.3Uj 17.21 19.13 21.04,22.95|24.86 26.78j28.69, 30.60 

91 ^ 1.966 3 . 931 I 5 .S 97 7 . 86 . 3 ! 9.S3 11.7013.76 15 . 73 ! 17.69!l9.66!2t.62l23.59.2.5..5.5*27..52 29.48 31.4.5 
9' 2.019 1.0.3S'6.0.56 .8,075 10.09 12.11 14.13 16.15; 18.17;20.l!V 22.21:24.23 20.24|2S.26 30.2.8,32,30 
9?4 2.072 4.1il!6.2Ili S.2SS 10.36 12.13 14..50 16..5.Sil8.6.5!2O.72:22.79 24.S6:28.93:2!).0l!31. OS 33.15 

10 2.125 1.2506.375 8.500 10.03 12.75 14.88 17.(J()j 19.13j21.25:23.38 25.5()|27.63j 29.75 31.88.34.00 

10 1^12.178 4.3.5G0..5.34 8.713^10.89 13.07^15.2,5 IT.is! 19.6n!21.78l23.96*26.14,28.32;.30.49!32.67'34.85 
101 2.231 4.463 6.694 .8.925 11.10 13.39 15.02 17.851 20.08:22.3i;21.54i26.7S 29.01i3l.24!33.47:35.70 
10?.i 2.284 4..569 6.8.53 9.138 11.12 13.71 1.5.991 lS.2Si20..56;22.S4i25.13,27.4l;29.70, 31.98134.27, 36.55 

11 2.338 4.675 7.013 9.350,1 1.69 14.03 16.36' 18.70 21.04 23.38j2.5.71l28.0.5 30.39i32.73j35.06 37.40 

nii 2.391 1.781 7.172 9..563 11.95 1 1.34*i6.73 19.13!21..52 23.9l! 26.30; 28.691 31. 08: 33.47|.3.5.S6! 38.25 
1 1 2.444 4.8887.331 9.77.5112.22 14.60 17.1 1 19..55121.99 24.44 26.88j 29.33:31.77 34.21|36.66j39.l0 

11 2.497 4.994 7.491 9.9S8|l2.4S 14.98 17.48 I9.98;22.47 24.97127 .47!29.96;32.46i34.96j.37.4.5|39.95 

12 I 2 . 55 O 5.100 7.650 10.20,12.75 15.30, 1 7.85120.40 [22.95 25.50i28.05l30.60;33.15i35.70l38.25i40.80 
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CARNEGIE STEEL COMPANY 


WEIGHTS OF FLAT ROLLED STEEL— Continued 

POUNDS PER LINEAL FOOT 


Width, 

Inches! 


lii’a 

Id 

Id ‘2 
14 

M'2 

1 ") 

LV'al 

It) 

KUa 

17 

17j2 

18 

is.'i 

10 

10 '2 
20 

204 

21 

21j2 

22 

22 

2d 

2d Li 
24 

2'j 

20 

27 

28 

29 

30 

31 

32 

33 

34 
3o 
3(5 

37 

38 
30 

40 

41 

42 

43 

44 

45 
40 

47 

48 


Thickness, Inches 


Vie 1 


2 . 0 s 


-I -1- 


I'lwi 


7.97 10.Gd.ld.2S 15.04 18.50 2 1.25 1 23.0 L 20.50 
8.20 11. 0.5' 13.81 10.58 10.3 1 '22.1Oi24.S0]27.0d 
'25.82.28.09 
20.78:20.75 


8.0 1 11.18 14.34: 17.2 1 20.08 22.05i 
23.80| 


8.03 1 1.004 4..SSi 1 7.S5;20.8d | 

d.OSl 6 . 10 ! 0.24l2.3.d:i5.4|llS.40!21..57 24.05|27.7d'dO.,Sll 
d.io O.ds 0..5ti 12.75 15.04: 10.1d;22.dl 25.50128.00, iU.SH 
d. 20 ' (i..50l 0.88 13.1840.4710.7023.00 20.35120.04 32.041 
d.40| 0.80 10.20 13.00il7.00|20.40|2d.80 

3.5 1 * 7.OUO.52Vl.0d 1 7..53 2 1 .(U 24..54 28.(t5’ 3 1.50! 35.06: 3S.0| 
3 . 01 ! 7.23 10.81 14.45 1.S.00 2 1.08 25.20 28.00 32.51.36.131 30.7 
3 . 72 ' 7.4 11 1.10 11..881.8..50 22.31 20.03 20.75 .33.47 37.19| 40.0| 
3.83| 7.65 11.48 15.30 10.13 22.05 20.78, :U).60'34.43;38.2.5| 42.1j 

3.03: 7.80*1 1.79T5.73 19.00 2.3,.50'27..52*.31. 45 l35.3.sl39..3l! 43. 


45.6; 40.1 
43 . 4 : 47 . 0 ! 50.01 

44.0' 48.3 52.1 

45 . 0 ; 40.7i 53.6 

47 . 2 : 51.1; .5.5,0 

4,()li 8.08 12.11 10.1520.1024.232, V26.32.30:.30..34 40.381 44.4: 48.5: 52.5; .56.5 

' .58 20.72 24.86 20.(ir33.15'37.20 41.44 45.0 40,7| 53.0 58.(1 

■ ■ 5 1 . 0 ! 55.3, .50.5 


.3V5 37.2 
35.0 38.^ 
37.3 40.: 


I 


1 4.14: ,8.20 12.43 16. 
i 4.2.5i 8,50 12.75 17.00, 21.2525.50.20.75|34.00|38.25;42..50| 46.8 
I I ! '< i I I 

' 4 .36: ,s,7i 1.3.0717.4.321.7820.14.30.49 34..85':{0.21 43.56: 47.9 
4.461 H.03 1.3.:i0 I7.85'22.3l 26.7831.2G3.5.70;40.16 44.03, 40.1 
4.i7i 0.11 13.71 |8.2.S22.8127.4r31.08\3()..55l41.12 4.5.t;0: 50.3 
4.68| 0.;i.5 1 1.03 l.8.70j23.3828.(),532.73|37.4Oj42.0.V40.7.5, 51.4 

1.78' 0..56 I4.;{4*10.1323 9l'28.60*33.47j3.8.2,5!43.(l3 47.811 .52.0 
4 SOi 0.7.^ 14.00 IO.. 5 . 5 I 24 . 44 20..3.3 :l4.2r 30. 10' 43.00 -lS.,S8i 53.8 
4 00 ' 0.00 1 LOS I O.O.s’ 24 . 97 20.00. 34.00. :!0.0.5: 44 . 01 ; 40.041 
5.10 10.20 1.5.:W 2O.4O;2.5.50 30.00 :j.5.70 1 40.80 i45.00j 51. OOj 56.1 


5.3l'lO.(i.3l.).0421.25.2fl..50.31.88:i7.19'42.50|47.Kt;.53.13 58.4 
5.53 II. 05 16.58 22.1027.63. 33. 15 :'.8.08;44.2Oi40.7:k.5.5.2.5| OO.Sj 
74 11.48 17.21 22.95 28.00:14.4340.10 45.00:51.64, .57.:«' 03.1: 0.8.0, 7L0: 80. 


52 . 3 : .50.0 01.0 
. 5 . 3 . 0 I 58.01 02.5 
' 50. Ij 0LO| 
00.81 65..T 


02 . 2 ; 00.0 
63, .5! 08.4 
64.0; 00.0 


5195 11.00 17..S5, 2:4.80 20 . 75 : 1 . 5.70 11.65 47.00l53.5.5j50..50| 65.5, 

6 16'l2..3.3'l,S.40'24.0.5V81 .30.0843.14'40.:jo'.5.5.40 OI.O3I 67.8 
0.38 12.75 10.13 2.5..5031.SS;1.8.2.544.()3',51.(K)'.57.:18 63.751 70.1 
0.50 13. 18 10.76 26..3r). 32.01 :10..53 40. 11 .52.70 .50.20 65.88' 72.5 
0.8( ) I :;.(;() 20.40 27.20 :14.(H1 40..S0 47.fi0: ,54. 10:01 .20, 08.00 74. 8| 

■ I I 1 I i I ; ! I : 

70111 .03 2 1 .04 28.05.35.00 42.08 40.00 50. 1 0 0.3. 1 1 70. 1 3 77.1 

7 23'l4.452t.(;S 28.90.30.1.3 13.35 .50..5.S:57..80 05.03 72.25; 79.-5 
7, 14 14.88 22.31 20.7537.10 11.63 .52.00 .50..50i00.0l 71..3,S; 81. Sj 
7.65 L5.30, 22.05, :10.60,;J8.25 45.00 53..5.5 1 61 .20 68.85, 70.50: 8 1 .2| 

7.80 ' 1 5.7.3*23.59*3 1.45 :19.31 *47.1 .8 55.0 1 ; 02.90 
8.0.8 1 6. 1 .5 24.2:l'32.3() 40.38:4.8.45 56.53: 04.00 
8,20 16.58 24 ..80 .3.3.15:1 1 .44 40.73.58.01 1 00.30 
8.50 17,(M1 25.50, 34.UO,42.5051.005!).50!O.S.OO 

8.7 A 7. 1,3*26. 1 4*.34.S5'43.56'.52,2.S:00.90 

8.03 1 7.85 20.78 :15.70: 14.63:53.55 02.48 
9.11 18.28 27.41 .3«..5.5'45.60 .54.83 0.3.90 
9.35, 18.70,28.05 37.40j46.75,56.10,65.45 

9.50' 1 9. 1 3'28.09'3S.25!47.8l'57.38'o6.94 
9.7840.55 20.33'39.10|48.88'.58.65'08.43 
9.90:i0.9H 29.90 39.95 40.94 59.93 69.91 
10.20i20.40,:i0.6U!40.80l51.00:61.20, 71.40 


70.70 78.0.31 
72.08; .80.7.5 
74..59 82.881 
78.50|85.00i 


09.70 

71.40 

73.10 

74.80 

70.50 

78.20 

79.90 

81.60 


01. 2j 00.:ij 71.4 

03.81 09.1, 74.4| 
06..3| 71.8^77.4 


71.4; 77.4j 83.:! 

74.0* 80.1 ! 80.3; 
76.5, 82.0! 80.3| 
70.1 i 85.6j 02.21 


‘'"til 


39.8 

41.4 
43.(1 

44.6 

40.2 

47.8 

40.4 

51.0 

52.6 

54.2 

55.8 

67.4 

50.0 

60.6 

62.2 

03.8 

05.3 
00.0 

68.5 

70.1 

71.' 

73.3 

74.0 

70.5 

79.7 

82.0 
86.1 
80.31 


88.4; 95.2i 

1 

91.2! 9H.2i 
93.0 101. 2| 
00.7; 101.11 
00.5; 107.1 i 


94.4jl02.2j 110.1 
O0.0i1O.5.Oi11;LI 
00.5' 107.71116.01 
102 . 0 ; 1 10.5; 110.1)1 


78.4 1 1 87. 13 
8 O.. 3 . 3 ! 80.251 
82.24 01,.38;1()0.! 
84.15:93..50,102.0{ 


05..S' 104.6! 11.3.3: 122.0 
98.2ll07.l| 116.0 125.0 


86.00195.03 
87.98|97.75 
89.89199.88 
[91.801 102.0 


105.2 

107.5 


112 . 2 ] 


100 .; 

112.2 

114.S 

117.3 
119.9 

122.4 


124.3 

127.1 

129.8 


1.33.9 

136.9 
139.8 


42.5 

44.2 
45.9 

47.6 

40.3 

51.0 

52.7 

54.4 

50.1 

57.8 

50.5 

61.2 

62.9 
Gt.O 

06.3 

08.0 

00.7 

71.4 

73.1 

74.8 

70.5 

78.2 

70.0 

81.0 

85.0 

88.4 

91.8 

05.2 


05.01102.0 

08., s' 10.5.4 

102.0. 108.8 

105 . 2 ' 11 2.2 

108.4 115.6 
111.6 110.0 

114.8.122.4 

117 . 0 ! 12 . 5.8 
I2I.1I12O.2 
121.3! 1.32.6 
127.5j 136.0 

1 , 30 . 7 ! L39.4 
133.0,142.8 
1.37.1:140.2 
140.3; 140.6 

143.4*1.53.0 
140.6; 150.4 
149.8i 150.8 


132‘.ol 142,81163.01 163.2 
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WEIOHTS OF FLAT ROLLED STEEL 

WEIGHTS OF FLAT ROLLED STEEL Concluded 

POUNDS PKIl T.INKAT. FOOT 
! Thifknoaa, luehea 


liiohos| ^ 


I--!. 


I 


2().S' :0.2| 41.7 
21.:{! 42.5 

■)i ri -10 c i'j 1 


10.4 
lO.lil 

lO.Sl 2l.7i ;i2.5i 43.41 
11.1 


I , 


‘-III ' 


■>! 1 


11.3 

11.5 
11.7 

11. 'J 

12.1 

12.3 

12.5 

12. « 

13.()! 

13.21 

13. r 

13.0; 

13.S' 

14. (1, 

14.2; 


i T ! 1 i i I , , 

52.1; 62.5i 72.0 83.3 03.7,101.1 11 1.5. 125.0' 135.4| 145.8 1.50.2 16fi.(5 

53.1i 63.8' 74.ll 8.5.o: 0.5.6' 106.31 1 16.0 127.51 138.1i 14.S.S I.', 0.4; 170.0 

...... 54.2: 65.0i 75.0: S6.7! 07.5'108.4:il0.2:i.30.l|]40.o! 151.7 162.6,173.4 

22.1j 33.2! 44.21 55.3, 66.3! 77.4 .88.4' 00.51 110.5, 121.6. 132.6 143.?! 1.54.7 16.5.8 176.8 


22.51 33..sl 45.1; 56.3' 67.6: 7S.S. 00.1 101.1 1 12.6 123.0 1.35.2i 116.4| 1.57.7 168.011.80.2 


23.0j 34.1 1.).-.) 
23. l| 35.1 1 46.8 
23.Sj 35.7| 47.6 

24.21 36.31 48.5 
24.7! 37.01 40.3 
25.1 37.6: 50.2 
25.5 .38.3j 51.0 

25.0 38.0' 51.0 


.57.4^ 6S.0, S0.3 01.8iIO3.3'114..S 126.2 137.7! 140,2! 160.7 172 F 183.6 

58 . 4 : 70.11 81. .V 03.5' 105.2' I Kl.Oi 128.6 110.3' 151.0' 163.6 1 7.5.3| l,s7.0 

50..5 71 . 4 ' 83.3i 95.2' 107.1 110.0 130.0 112.8 1.54.71 166.(1 178.5! 100.4 

: ! ' ' : I I I I I 

60.6 72.7; 81.8. 06.0 lOO.O! 121.rl.33.2 115.1 1,57.5:160.6 181.7 103.S 

61.6 74.0 .86.3 08.6 110.0 123.3, 135.6' 117.0 160.2; 172.6' 184.0 107,' 

62.7' 75.2' 87.8 100 . 3 : 112.8 125.4 137.0; 150.5, 163.(l 
63.8' 76.5 80.3 102.0|114..S^ 127,5' 14(.).3jl53.0| 165.8 

61.8' 77.s' 00 . 7 ' 103.7 116.7 120.6! 142.6 1.5.5.6S6S.5 
26.ll 30.5: 52.7' 65.0 70.1 02.2 105.4 1 IS.6 131.M44.0 1.58.1 171.:; 

2(1.8; 40.2' 53.6; 66.0 .80.3 03.7 1(.)7.1 120.5! Flo.Oj 117.3 160.7!l74.0 187.4,2(10.8 214.2 

27.21 54.4j 68.0 81.6. 05.2 108.8 122.4’ lllO.d 140.6; 163.2 176.81 100.4 204.O1217.0 

27.()' 4 I. 4 I 55 . 3 ! (3!( 1 82.0 06.7 110.5^21. 3 ! 1:18.1*151. o' tiM.s! 170 . 6 : 10 . 3 . 1 ' 207 . 2 ' 221.0 

28. l! 42.11 56.11 70.r 81.2 08.2 112.2 126.2. 140.3, 1.51.:;: 16S.3i 182,:’.: 106. 1 210.4 224.4 

28.51 42.7 57 . 0 ! 71.2 .85,1 00.7,ll3.0!l28.ri42.11.5(i.(i' 170.0 1,85 lIlOO.:: 213.6,227.8 

28.9| 4 : 3.4 57.8i 72.3, 86.7 101.2 115.6 1:30.1 144..5 1.50.0 173.4 187.9j ' 

20.3 44 . 0 ! 58 . 7 ! 73 . 3 ' S.8.oF)2.6‘ll7.:n:{2.0'l46.6'l61..3'l76.o'l00.6l 
20.8; 4l.(i! 50.5' 71.1 ,80.3 104.1 110.0,1:1.3.0 148.8 |6:!.6 llA.o' I0:{. l' 

75.4 0(.»..5 10.5.6 120.7 i:35.8 1.50.0 166.0 181.1,106.1 
76.5! 01.8107.1 122.4 137.7 1.53.0; 168.:3^ 1 83.6|108.0i 

77.0: 03.1108.6' 124.1! 1.30.6' 1.5.5.l' 170.6 1,86.2 201.7, 

78.6 01.4 110.1 12.5.8, 141.5; 157.3 I73.(i 18.S.7!204.4| 

70 . 7 : 05.6111.6 127.5; 143.4 1.50.4 I75.:i! 101.3(207.2 
80.8i 96.0 113.1,120.2 145.4 161.5:177.7 103.s;210.0! 

I ! ' I ill*!' 

>5.5 81.8; 08.2 114.5 UlO.0, 147.3'l6.3.6'l,SO.0, 106.4,212.' 



i.M 1 .su,.: 

15.3, :}0.6; 45.0 

61,2 

73 

15.5' 31 . 0 ! 46.5 

62.1 

71 

15.71 31.51 47.2 

62.0 

75 

l,5.0i 3 I. 0 I 47.8 

6 : 5,8 

76 

16.2 1 ;}2.:il 48.5 

64.6 

77 

16.4 . 32 . 7 ! 40.1 

05.5, 

78 

16.6; :j3.2 40.7 

66.31 

70 

16.8, ;i3.(i' 50.4 

67.2| 

80 

17.0| 34.0, 51.0 

O.S.Oj 

SI 

V) 

17.2! 34.4 51.6 

17 a: 'll 11 7 

OS.Oj 


)' 137.7! 151.o' 172.MS0.3;2()6.6'223.8’ 


17.5.5 188.1 200.6 
178.5,101.3 204.0 

1S1..5 104.4'2()7.4 

181.5 107.6 210.8 


202.3 216.S 231.2 

I I 

205.3 210.0 234.6 

208.3 223,1 238.0 

211.2 226.3 241.4 
214,2^220.5^244.8 

217.2 2 : 52 . 7 ' 24, S, 2 
220.2,;.';55.9,2.5].6 
22 : 5 . 1, 2 : 10.1 2.55.0 
226.1,212.31258.4 

220.1 215.1 261.8 
2 : 52.1 248.6; 265.2 
2:55.0' 251. s' 268.0 
238.0| 255.01 272.0 

241.0 2.58.2 275.4 


8 :i 

81 

8.5 

80 

87 

88 


01 

02 

9.3 

04 

05 

06 

07 

08 
00 
100 


17.6; :55,3| 52.0; 70.61 
17.0; :55.7| 53.6, 71.4! 

' 36.1 ' 54.2 72 .. 3 I 
36.61 54.8 73.1 


37.01 r,i 
37.41 56.1 

37.81 56.7 
38.31 57.4 
•’*' "i 58.0 
58.7 


88.2 105.8 123.5 1 11.1 11.5.8.7 170.4 lOl.O 2n.7’22O.:5i21(1.0:2(;4.(i 282.2 


80.:5 1 07. 1 125.0 142.8 j 1 60.7, 1 78.5 1 06.4 2 14.2 232. 1 

00.3!i0.8.4*126.4144.5!i 62.6! ISO.o' 108.7l2I6.8!2.3.1.8 
9 1 .4; 100.7. 1 27.0 146.2 1 1 64.5' 1 .82.8 2( ) 1 .0 2 1 0.3! 337.6 
02.4 110.0 120.4 117.0* 166.1 1. SI. 0. 203.1 1221.0! 240.3 
03.5jl 12.2 130.0 140.6, lOS..!, I87.0j205.7|224.4;213.l 

94.6 113.. 5'l.32.4* 151.3! 170.2; 180.l'20.8.0i227.o!245.0 
0.5.6 !i14..8i1:5:5.0 153.0:172.1! 101.3 210.11220.5 21S.6 
00 . 7 : 1 1 6.0 1 35.4 151.71 74 . 0 : 1 03.4, 2 1 2.7i 232. 1 i 25 1 .4 

97.5.117.. 3;i36.0 156. 1 ! 176.0' 19.5.5. 215.1 2;M.6!2.54.2 


08.8lll8.Jl.3S.3 1.5.S.l! 177.0 
00.0110.0130.8 1.50..8j 170.8 
KKl.OFil.l 141.3 161.51 1S1.7 
81 .6:102.(1 122.4 1 12.8. 163.2| 183.6 

82.5 I0'l.l|t2.3.7ll44..3 164.9'lS5.5 
83.3| 104. 1 1 1 25.0 l45.Sj 166.6; 1 87.4 


107.6I2I7.4 2.37.2 2.56.0 
100.8 210.7 2 : 10 . 7 ; 2.50. 
201 .9' 222. 1.242.3 262.41 
201.0 224.4. 24 1.8 265. 

206.1 ! 226 . 7 ' 247.4 268.0| 
20.8.3:220.1 210.0*270.7 
84.2! 105 . 2 ; 1 26.2; 147 . 3 ! 1 68.3 1 1 SO.si 2 10.4: 23 1 .4! 252.5i 273. .5 


85.0|l06.3il27.5il4.8.s!l70.0h9l.3l212.5!233.8i255.0l276.3l 297.51318.81340.0 


240.0 267.8^285.6 

2.52.0' 270 . 9 ! 280.0 

2.55.01274.1 1202.4 
258.8|2:7 31295.8 
261.8*280.5 200.2 

264.812.83.7! 302.0 
267.8 286.0:306.0 
270.7 200.11.300.4 
273.7|203.3j312.8 

276.7!296.4!316.2 

270 . 7 : 200 . 6 : 319.6 

282.6! :i02.S 323.0 
285.0! :’,O6.0 326.4 

288.6! 300.2 .329.8 

291.01312.4 :i:i3.2 
204.51315.6 3 : 16.6 



CARNEGIE STEEL COMPANY 


SQUARE AND ROUND BARS 

WKKiHTS AND ARK AS 


I 

i 

Size, ! 


Weight, libfl. 
per h'oot 


Area. S<iuarc 
liiehes 


Size, 


Weight, 1-1*8. 
per Foot 


ft 


H 

irt 


. - 



■ 

Inches 



□ 


u 

() 


[.I 






3 

30.00 

24 .03 ; 

.013 

.010 

.0039 

.0031 

/. 

31. .SO 

25.05 i 

.053 

.012 

.01.50 

.0123 

H ; 

33.20 

20.08 ! 

.120 

.004 , 

.0352 

. .0270 , 


34.. 54 

27.13 i 

.213 

.107 

.0025 

.0491 


.35.91 

28.21 ; 

.332 

.201 

.0977 

.0707 


37.31 

29.30 1 

.478 

.370 ' 

.I40<) 

.1105 


38.73 

30.42 1 

.051 

.511 

.1914 

.1.503 

1^. 

40. 1 8 

31, .55 1 

.8,50 

.008 

.2500 

.19<>3 


41.05 

32.71 ! 

1.070 

.815 : 

.3101 

.2485 


43.15 

33.89 ! 

1.328 

1.013 

.390<> 

.3008 


44.<>8 

35.09 ; 

1.007 

1.202 

.4727 

.3712 

i;. 

4<).23 

30.31 , 

1.013 

1..502 

.5025 

.1418 


47.81 

37., 55 

2.245 

1.703 

.0002 

.51.85 

liS 

49.42 

38.81 

2.003 

2.014 

.70.50 

.<*013 


51.05 

40.10 

2.088 

2.347 

..87.89 

.0903 

1.: 

.52.71 

41.40 

3.100 

2.070 

1 .0000 

.78.54 

4 

51.10 

42.73 ; 

3.8.38 

3.015 

1.12.89 

.88<><» 

1*11 

.5<). 1 1 

14.07 : 

4.303 

3.380 . 

1 .2050 

.0910 

*8 

.57. .85 

45.44 

4.795 

3.700 

1.4102 

1.1075 ; 

1 (1 

.59. < >2 

40.83 1 

.5.313 

4.172 

1 ..5025 

1.2272 i 


01.11 

48.23 ! 

5.857 

4,000 

1.7227 

1.3.530 


03.23 

49.00 : 

0.428 

5.019 

1 ..890<> 

1.4.849 , 

H 

05.08 

51.11 

7.020 

5.518, 

2.0004 

1.0230 1 

Vi 

0<>.05 

.52.58 j 

7.0.50 

0.008 ' 

2.2500 

1 .707 1 li 

H 

08.85 

.54.07 1 

8.301 

0.519 

2.4414 

1.9175 1 


70.78 

.55..59 ! 

8,078 

7.0.51 i 

2.0100 

2.0739 i 

I H 

72.73 

57.12 ■ 

0.082 

7.004 ; 

2.8477 

2.2305 : 

1 

74.71 

58.<)7 j 

10.413 

8.178 ' 

3.0025 

2.4053 I 

! 

70.71 

00.25 ; 

; 11.170 

8.773 

3.28.52 

2.. 5802 1 


78.74 

01.. 8.5 1 

: 11.0.53 

9.3.'<8 ■ 

3.51.50 

2.7012 ' 

1 k 

80.80 

03.40 1 

' 12.703 

10.024 ; 

3.7,539 

2.04.83 : 

i !<* 

82.89 

05.10 i 

1 

13.000 

10.081 ! 

4.0000 

3.1410 : 

' ,5 

.85.00 

00.70 

' 14.403 

1 1.3.50 : 

1 2.539 

3.3410 ; 


.87.14 

08.44 

i 15.353 

12.058 

4.51.50 

3.540<» !; }'H 

89.30 

70.14 

lf).270 

12.778 : 

4.78.52 

3.7583 

i".> 

91.49 

71.80 

i 17.213 

13.519 ! 

.5.0025 

.3.9701 

H 

93.71 

73.00 

i 18.182 

14.280 

5.3177 

1.2000 

ft 

95.90 

75.30 

! 10.178 

15.(m2 1 

5 <>100 

4.4301 

98.23 

77.15 

! 20.201 

1.5.800 1 

5.04 14 

4.0004 

1.1 

100. .53 

78.95 

! 21.2.50 

10.090 : 

0.2.500 

4.9087 


102.8,5 

80.78 

i 22.320 

17. .531 

0..5004 

5.1.572 


105.20 

82.02 

j 23.428 

18.400 ■ 

0.8900 

5.4119 

yn 

107.. 58 

84.19 

24.557 

10.287 ; 

7.2227 

5.0727 

[k 

109.98 

.80.38 

25.713 

20.195 i 7..502.5 

5.0300 

H 

112.41 

88.29 

20.805 

2 1 . 1 23 

7.9102 

0.2120 


1 11.87 

90.22 

28.103 

22.072 

8.2<i50 

0.4918 

k 

117.35 

92.17 

29.338 

23.042 

8, <>289 

0.7771 

n 

1 19.80 

94.14 

30.000 

24.033 

9.00(X) 

7.0080 

0 

122.40 

90.13 


Area. Square 
inehes 



D.OOO 7.0(in 

«.7()(i 7. <>70 

lO.KiO 7.‘)S0 

10.. ^><V? S.‘J0() 

10.070 S.GIS 
ll.OOl S.04(> 

11.510 0.2SI 

12.2r>0 0.021 

12.(>01 0.0<)S 

i:d.l41 10.S21 

10.508 10.080 

M.00:i 11.045 
14,555 ii.llO 

15.010 11.703 

15.504 12.177 

10.000 12.500 

10.504 12.002 

17.010 13.3(i4 
17.535 1.3.772 

18.003 14.180 

15.. 508 14.007 

10.141 15.033 

10.001 15.400 

20.250 15.004 
20.810 10.349 

21. . 30 1 10.800 
21.073 17.257 

22.. 50.3 17.721 
23.100 18.100 
2.3.700 18.005 
24.370 10.147 

25.000 10.035 
25.020 20.129 
20.200 20.029 

20.010 21.135 

27.503 21.048 
28.223 22.100 

28.. 591 22.091 
29.500 23.221 

30.2.50 23.758 
30.941 24.301 
31.041 24.8.50 
32.348 25.400 

33.003 25.967 
33.785 20..535 

34.510 27.109 
35.254 27.088 

30.000 28.274 
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WEIGHTS OF BAR 


SQUARE AND ROUND 15ARS 

WEIGHTS AND AUEAS 


Weight, l.lw. 

.\rea, Square 


Weight. T.bs. | 

per Foot 

Inches 


per Foot j 



— 


Inches 


! 

11 



C) 


u 

. i 

122.40 

00. 1 3 

30.000 

28.274 

0 

275.40 

210.30 

124.00 

08.15 

30.754 

28.80r> 

i'll 

279.24 

219.31 

127.55 

100.18 

37.510 

29-405 

k 

2.83.10 

222.3.5 

130.17 

102.23 

38.285 

30.000 


280.90 

22.5.41 

1.32.81 

104.31 

39.003 

.30.080 

u 

200.91 

228.48 

135.48 

100.41 

39.848 

31.290 


294.80 

231.58 

138.18 

108., 53 

40.041 

31.910 

k 

208.. 83 

234.70 

140.00 

1 10.00 

41.441 

32.548 


302..S3 

237.84 

1 43.05 

112.82 

42.250 

33. 183 

a 

306..S5 

241.00 

1 10.43 

1 15.00 

43.000 

.33.824 

i« 

310.90 

244.18 

140.23 

117.20 

43.891 

.34.472 


314.98 

217.38 

1.52.00 

1 19.43 

44.723 

35.12.5 

1.'. 

319.08 

250.61 

1.54.01 

121.07 

45.503 

35.78.5 

?4 

.323.21 

253.85 

157.79 

123.93 

40. no 

30.450 

A" 

327.37 

257.12 

100.70 

120.22 

17.200 

37.122 


331. .55 

200.40 

103.04 

128.52 

48.129 

37.800 

lii 

335.76 

203.71 

100.00 

130.85 

49.000 

38.485 

10 

340.00 

267.01 

109..50 

133.19 

40.870 

39.175 

I'fl 

.314.20 

270.38 

1 72.00 

135..50 

50.700 

30..S7 1 

8 

34.8..5.5 

273.7.5 

175.04 

137.95 

51.600 

10..574 

i'l! 

352.87 

27;* 14 

178.71 

140.30 

.52.503 

41.2.82 

H 

.3.57.21 

280.55 

181.81 

142.70 

.53.173 

41.097 

iV , 

.301.. 58 

283.09 

184.93 

1 45.24 

54.301 

42.718 

)» 

305.98 

287.44 

188.07 

147.71 

55.310 

43.445 


370.40 

200.91 

101.25 

150.21 

56.250 

44. 179 

} 2 

374..85 

204.4 1 

104.45 

152.72 

.57.101 

44.918 

1 « 

379.33 

297.02 

107.08' 

^ 1.55.20 

58. 14 1 

45.004 


3.83.83 

301.40 

200.93 

157.81 

50.098 

46.415 


3.88.36 

305.02 

204.21 

100.30 

00.003 

47.173 


392.91 

308.59 

207.52 

102.00 

0 1 .035 

47.937 


397.49 

312.19 

210.85 

105.00 

02.010 

48.707 


402.10 

315.81 

214.21 

108.24 

03.004 

49.483 

IS 

400.74 

319.45 

217.00 

170.90 

04.000 

.50.205 

11 

411.40 

323.11 

221.01 

173.58 

0.5,00-t 

51.0.54 

i'll 

410.09 

320.80 

221.45 

170.20 

00.016 

51.. 849 

k 

420.. 80 

330. .50 

227.92 

179.01 

07.035 

52.040 


425.54 

334.22 

231.41 

181.75 

08.003 

.5.3.450 

H 

430.31 

337.97 

234.93 

184.52 

00.098 

54.200 

i''ii 

435. 1 1 

341.73 

2.38,48 

187.30 

70.141 

55.088 

H 

430.93 

.345.52 

242.05 

190.11 

71.101 

55.914 


444.78 

310.33 

245.05 

1 02.03 

72.2,50 

50.745 


449.65 

3.53. 1 6 

249.28 

195.78 

73.316 

57. ,583 

3 .1 

4.54..5.5 

357.00 

252.03 

198.05 

74.301 

58.420 


4.59.48 

.360..87 

250.01 

201.54 

75.473 

59.270 


104.43 

304.76 

260.31 

204.45 

70.,503 

60.132 

u 

409.41 

308.08 

264.04 

207.38 

77.000 

00.904 

1“ 

474.42 

372.01 

207.80 

210.33 

78.760 

0 1 .803 

Vs 

479.45 

376.56 

271.50 

213.31 

79.879 

62.737 


484.51 

380.54 

275.40 

216.30 

81.000 

03.017 

12 

•180.00 

384.53 


Are,!i, Square 
Inches 


SI. 000 
S2.129 

s;i.2G0 


c:s.0l7 

04.504 

OO.SO? 


S4.410 1 00.200 


S5.r)0s 

S().72;5 

S7.S01 

so.oot* 

oo.2r.o 

01.411 

02.01 1 

OS.SIS 

or>.oo 3 

00.285 

07.510 

08.754 

100.000 

101.254 

102.510 

103.7S5 

105.003 
100.318 

107.041 

108.041 

110.250 
1 1 1 .500 
112.891 
1 14.223 

1 15.503 
110.010 
118.200 
1 10.029 

121.000 

122.370 

123.700 

125.100 

120.503 
127.073 
129.301 
130.810 

132.250 

133.001 
135.141 
130.508 

1 38.003 
139.535 
141.010 

142.504 


07.201 

08.112 

00.020 

00.053 

70.882 

71.818 

72.700 

73.708 

74.602 

75.022 

70.580 

77.501 

78.540 

79.525 

80.516 
81.513 

82.516 

83.525 

84.541 

85.503 

80.500 

87.024 

88.064 

89.710 

90.763 

91.821 

92.880 

93.957 

05.033 

90.110 

07.205 

98.301 

99.402 

100.510 

101.023 

102.743 

103.809 

105.001 

100.130 

107.284 

108.434 

100.501 , 
110.7.54 
111.923 

113.008 
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CARNEGIE STEEL COMPANY 


COLD TWISTED SQUARE BARS 




Size, 

Inches 



Area, 

Stiuiire liiclifS 

WViizht per Fi 
Poiimls 


2 



t.OOOO 

15. 000 


ih 




11.055 





a.()ii25 

10.415 




i 

2.t>l(K> 

8.07H 



r. 

I 

2.2.')(M) 

7.050 




i • 


0.428 


lU 


1 

i.r><i25 

,5.515 


1;^ 



i.2()r)») 

4.505 


1 



l.(KM)() 

5c400 


'^1*1 



O.STH!) i 

2. OSH 


J-S 



().7<;r)«i 

2.005 





().(1(‘.()2 

2.245 


H 



().r>«i2ri 

1.015 


nu 



0.1727 

1.007 


H 

1 


o.:{{) 0 (» 

1..32S 


»/i.i 



o.:iir.4 

1.070 





0.2500 

0.8.50 


Me 



0.1014 

0.0.51 


H 



0.1400 

0.478 





0.0077 

0.552 


H 



0.002,5 

0.215 


Cold twisted bars will conform to Manufacturers’ Standard Specifications, unless otherwise specified. 
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CONCRETE REINFORCEMENT BARS 


DEFORMED BARS 


CUP BAR 




Sfction 

Size, 

Weinlit per Fnot, 

Index 

1 Iiiehea 

, Pounds 

ir.L'S 

I'a 

i 

*M lO.U) 

I'l 

r>.:u 

*M i5:u 

Hi 

I.JIO 

*Al ir,:i2 

1 

3.10. 

*M 

H 

2.00 

*M irdu 

H 

1.01 

*M IT):-!'. 

5.S 

1.33 

*iM 

’2 

O.Sf) 

*i\r ir,:{7 

?s 

0.4S 

* Furnished only by spccuil arrandioinont. 
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CARNEQIE STEEL COMPANY 


DEFORMED BARS— Continued 

CORRUGATED SQUARE BAR CORRUGATED SQUARE BAR 
TYPE A TYPE B 



Rolled for Corrugated Bar Co. 



CORRUGATED ROUND BAR CORRUGATED SQUARE BAR 
TYPE C TYPE D 






f 

r 11 !' 


Rolled for Corrugated Bar Co. 


Section 

Siae, 

Wciwlit iwr FfK)t, 

Section 

Size, 

Weight per P'oot, 

Index 

Inches 

Pounds 

, Index 

Inches 

Pounds 

CorruKated S(iuare Sar 

-Typo A 

CorruRuled Square Bar— Type B 

1 ______ 

i'M luso 

1 '4 

i.no 

*M 1550 

U4 

5.31 

*M insi 

1 

2.70 

: *M 1.551 

1 

3.40 

1<)S2 

% 

1.05 

*iVI 1552 

Jh 

2.00 


H 

1.35 

! 1553 

H 

1.01 

l‘)S4 


0.04 

! ♦M 1554 

U ' 

1.33 




: 15.55 


0..S5 




■ ♦M 15.58 

% 

0.48 




*U 1557 


0.37 




1 5.50 

*4 

0.21 

PorruRated Round Bar- 

-Type C j 

Corrugated Square Bar- 

-Type D 




; 1732 

1?4 

10.4S 




j *M 1731 

I'A 

7.00 

*M 1018 

IM 

4.21 

1 *M 10.50 

l}.i 

.5.. 35 

*M 1017’ 

IH 

3.41 

♦M 1051 

iKs 

4.34 

*M 1010 

1 

2.00 

*M 1052 

1 

3.43 

*M 1015 

% 

2.06 

♦M 16.53 

Vh 

2.04 

*M 1014 

M 

1.52 

♦M 1054 

H 

1.04 

♦M 1013 

5-li 

1.05 

*M 1055 

H 

1.35 

*M 1012 


0.80 

*M 10.50 

A 

0.80 

♦M 1011 


0.00 

♦M 10.57 


0.40 

♦M 1010 

.1,' 

0.38 

♦M 1658 

H 

0.22 

* I'urnished only by special arraugenieiit. * 
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CONCRETE REINFORCEMENT BARS 


DEFORMED BARS— Continued • 

LUG BAR— TYPE A LUG BAR-TYPE B 



Rolled for Corrugated Bar Co. 


HERRINGBONE BAR 




Rolled for Corrugated Bar Co. 


Section 
1 nilcx 


Size, Weight per Foot, !j Section 
luclicH Pounds I Index 


Size, jWeight i>«t Foot, 

Inches j Pounds 


Lug Bar— Type A 


Lug Btr— Type B 


ni 1578 

1 ‘4 

5.31 

♦M 1648 

iH 

5.31 

*51 1577 

Cs 

4.30 

*M 1647 

IH 

4.30 

1570 

1 

3.40 

*M 1616 

I 

3.10 

*M 1575 


2m 

*M 1645 

Js 

2.60 

1571 

• ‘X ^ 

/4 

l.Ol 

*M 1644 

•*4 

1.91 

*M 1573 


1.33 

*M 1643 

••is 

1.33 

*M 1572 


0.85 

*M 1642 

.'■2 

0.85 

*M 1570 

VlO 

0.65 

*M 1641 


0.48 

+ M 1571 


0.48 

*M 1640 

H 

0.21 

■I'M 1570 

1 ' 

0.21 

i 




Herringbone Bar 


Section 

Size, 

Weight i)er Foot. 

Index 

Inches 

Pounds 

*M 1673 

lyj 

5.13 

*M 1672 

\H 

3.62 

*M 1671 

1 

2.38 

*M 1670 

K 

1.72 

♦M 1669 

H 

. 1.28 

*M 1668 

Vh 

0.91 


* Furnished only by special arc|pgetnent. 
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CARNEOIE STEEL COMPANY 


■ DEFORMED BARS — Continued 


havf:ivieyer squake bar iiavemever round bar 



Rolled for Concrete Steel Co. 

elcannes bar 



Rolled for Mr. Elic (’annes 


St'i'tioii Sizi*. Woi^dit per Foot. Section Size, \V('i).:li| per I'oot, 

In'lcx Inches I’oiiiitls Inde.v Indies Ihiiunl.** 

Havenicyor .Square Bar Havemeyer lioiind Bar 



1500 

l,':i 7.05 




!=M 

1000 

U's,. d.-l.B 


j 

1 


lOOS 

1'.,' i 5.B1 


1020 ; l}'{ 

1.17 


it;o7 

IJo' j l-U) 

-M 

!()2.S 1,1^ 

B.BS 

*M 

ItiOO 

I 1 B.dO 

: i-M 

1027 1 1 

2.«;7 

*M 

1005 

'H j 2.00 


1020 

2.01 

^=.\l 

IC.Ol 

li 1 1.01 


1025 1 '■•4. 1 

1 .50 

>.\I 

lOOB 

•’■•h 1 l.:iB 


102-1 .1 

! 1.01 


1002 

i 0.S5 

•i.M 

Hi2B hi [ 

0.C.7 

‘M 

1001 

•'s O.is 


1022 i'il 

O.BS 

<.M 

150S 

^1.1 0..b:{ 


1F>00 1 ' i' 

0 17 

>‘.M 

ItiBl 

0.21 





Elcaniies Bur 

Section Size, \Vci;dit |ht Foot, 


Index Iiichc.s I’oimd.s 

*M J!»(>l I '.j ; .'j.Bl 

*M UH)2 I's I 4. BO 

100:1 , I I ;i.io 

=*^M 1!>01 : Vj, o.tiO 

IttOo i r.i I. til 

*M nioii ; 5 ,s i.B:i 

iot)7 I o.so 

^"M loos I 0. IS 

* Furnisliei] only l»y special arrant'cinent. 
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CONCRETE REINFORCEMENT BARS 

DEFORMED BARS— Condudcd 


WINO llAIi — TYPE A \VlN(i BAR — TYPE B 



NEW RIB BAR 


-f 


1 -V 



Kolh'd lor 'I’russcd Courrotc (’< 


' Sizi', Wciuhl j»(T Srclimi 

llU‘h!*M J’'JUI)ils Index 


Size. ,\Vei;!;!it per I’twi 
Inclie-: I’mindii 


Will.: M;ir Type A Win.-: 11;, r ’I'ype li 


1, 

r>i;; 

• 

1 2.70 

i=M l.W.) 

•’> ' j 

10.2 

I, 

r. 1 2 


l.IO 

m J510 


. i;.s 



i 

1 

■=M ir.io 

- ' 

I.S 


New Kil) Mjtr 


(■VplilpM 1 

Size, 

^ W'riL'lit j>er 

lllilex ! 

Iiiclie.s 

1 Pound 


lois 1 

I 

i T).:!! 


1017 i 

1 ',s 

; I.;;!! 


1010 i 

J 

10 


1017) 

u 

1 2.00 


10 1 1 

1 

1.01 


loi:i 

•\s 


+M 

1012 

1 

; o.sf) 


1011 


' o.i.s 

*AI 

1010 : 

'.i 

^ 0.21 

* Furiiialu'd only by Nj.H’cinl 
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CAKNEGIE STEEL COMPANY 


DEFORMED BARS— Continued 

MONOTYPE liAli 



Rolled for Philadelphia Steel and Wire Co. 


WING BAR 



Rolled for 

Thomas Reinforcement Co. 


SLANT RIB BAR 



Rolled for 

Mississippi Valley (.\)nstnic(ion ( 'o. 


Section 

Size, ' 

Wcislit per Foot, 

Section 

Size, 

Weight i.)cr F 

Index 

Inches 

Pounds 

Index 

lnche.s 

Pounds 

Monotyix! Har Pxiuivalent to S<iuarc 

Monotyjxj Bar — l'l(iuivak*nt to Round 

*M 2 151 

lu 

5.39 

*M 2101 

1 

4.24 

*M 2152 

Us 

4.37 

*M 2162 

1 Vh ' 

3.43 

*M 2153 

1 

3.15 

2163 

1 

2.71 

♦M 2154 


2.64 

*M 2164 

Vh 

2.08 

*M 2155 

% 

1.94 

*M 2165 

H 

1.53 

*M 2156 

% 

1 .35 

*M 2166 

H 

1.06 

*M 2157 


0.86 

*M 2107 

y 

0.08 

*M 2158 


0.40 

*M 2108 


0.38 

Wins Bar ; 

Slant Rib Bur 

*M 2135 

2 >4 

5.08 

+M 1297 

Hi 

5.31 

♦M 2134 

2 

4.02 

*M 1200 

1 

3.40 

*M 2133 


3.06 

*M 1295 

% 

2.00 

*M 2132 

Hi 

2.08 

♦M 1294 


1.91 

♦M 2131 


1.08 

*M 1293 

% 

1.33 




*M 1292 

y 

0.85 




*M 1291 


0.48 




♦M 1290 

H 

0.21 


* Furruahed ouly by apcfial arranKcmcnt. 
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CONCRETE REINFORCEMENT BARS 


DEFORMED BARS— ContiniK^d 

SCOFIELD BAR THACIIER BAR 



MONOLITH BAR 


c 


Stictioii 

Index 

Size, 

IiielioH 

Weight IHT Foot, 
Pounds 

Section 

Index 

Size, 

Inches 

Weight {8*r Foot, 
Pounds 


Scofield Bar 



Tliaehcr Bar 




EiiulTklent to Ruutii) 




+M iimo 

1 >2 

o.ui 

*M 1540 

1'2 

5.20 

+ M 


4.17 

*M 1.545 

*1 '4 

3.55 

*M 10(37 

1}^H 

3., -IS 

1.544 

1 

2.32 

lOtiO 

1 

2.07 

' *M 1.543 


1.70 

*M 100") 

! K 

2.01 

i *M 1.542 

?4 

1.31 

*M 1004 

1 

1 .->0 

i *M 1.541 ! 

5-8 

0.02 

*M 100;l 


1.04 

I *M 1540 

>2 

0.58 

1002 

i . 

0.0)7 




*M 1001 

*’S 

0.38 






£<lulYnluut to Squarr 




*M ir,s:i 


1.33 1 




*:m ir)S2 

.'2 

0.85 

li 



*M lOSi 

” w 

0.48 1 


1 

i 


Monolith Bar 


Section 

Size, 

W'eight jter Foot, 

Index 

Iiiehca 

I’ounds 

*M 1500 

1 .'2 

7.0.5 

*M 1.50S 

1 >4 

5.31 

*M 1507 

1 

3.10 

*M 1517 

H 

1.01 

*M 1.500 


1.33 

*M 1505 


0.85 

♦M 1504 


O.IS 


* Furiiishwl only by hjhmmiiI iirrangcini'iit. 
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CARNEQin STEEL COMPANY 

GIRDER BAR SECTIONS 


1S52 1853 

Customer’s No. 70-1 Customer’s No. 706 



WASHBOARD SECTION - TYPE A 
1521 






Itolh-il for 'l’niS';('(| ('oncretc Sti'cl Co. 


Sf-ctioi) Size, ' WciKlil, per Foot, 

liiilox I IficliCH j J’ouiuls 

I I \ I 'sX •••',« I 4.1 

•AI IS.'.:? ! I xl \ r.f,. I 

=*'M Jr.2i : o'iix %-j X ! :{,2() 

ir,22 I X '■/m X - I 

♦Rolled only by speidal arrangement. 
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CONCRETE REINFORCEMENT BARS 


HANGER BARS 



Section 

Size 


Thickness, 

Weight per I'cxjt, 

Index 

Inches 

1 

Inches 

. Pounds 


i '.l X 

1 u 

1 ' 

i r,.;ii 

‘)S() 

4)ix 


i=!;. 4 i 

i d.Cdi 


4 1-4 X 

1 

Miu ! 

4. IS 

*M ns.'j 

X 

8 l -i X 

«Vh4 

‘4. 

4.41 

li.srj 

*M USl 

2 '.-i X 


yirt 

2.()l 

+.M ‘>S2 

2 'a X 

®K 

1 

1 .(>5 

■•M ‘)s:i 

2 X 

?4 


2.2!) 

+M t)81 

2 X 

"■'s 

's 

i.4:t 

*M ‘JSt) 

1 X 


•l 

l.:iO 

*M t>87 

1 X 

'Vie 1 

%« 

1 .()»» 


♦ Furnished only by special arrangement. 
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CARNEOIB STEEL COMPANY 


CROSS TIE SECTIONS 



JJ V . 6 



- - - a 





Section 

Oepth, 

1 Width of Flanges | 

! 

Web Thickness,' 

Weight 

Index 

Inchns 

\ Top, Inches 

Bottom, Inches] 

Inches 

1 1 

1 Pounds 

M 2H ! 

(iH 

! 

10 


27.8 

M 29 ! 


5 ! 

1 8 

% to 

j 23.5 

M 21 : 

5H 

4H 

8 

y* 

20.0 

M 25 1 

434 

4 ^ 


34 ! 

14.6 

M 24 ! 

3 

3 i 

! 5 

»%4 

9.5 


Full iaformation as to uses of steel cross ties is given in a separate pamphlet on Steel 
j Cross Ties. 
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CROSS TIES 

CROSS TIE SECTIONS— Concluded 



M 18 



M2(i 

T-1?. 4 1 ^" i 





M19 '.f [J 

4* 



Section 

! Depth, 

Width, 

; Web Thickness, 

Weight per Foot, 

Index 

1 Inches 

Inches 

Inches 

Pounds 

M 27 


7 

' 4 ' 

9.0 

M 20 

2 

6 


6.0 

M 18 

m 

5 

‘;<nj 

4.0 

M 26 



H 

3.20 

M 19 


4 

1 

\ 

2..'i0 

! 


Pull information as to uses of Bt«el cross ties is given in a separate pamphlet on Steel Cross Ties. 
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CARNEQIE STEEL COMPANY 

A. S. C. E. RAILS AND LIGHT RAILS 


Section 

Index 


10040 
0040 
8r)40 
8010 
TMO j 
7040 ! 

6540 : 

6040 j 
5540 I 
5040 
4540 
4040 
3540 
3040 
2540 
2040 
1640 
1440 
1240 
1040 
840 



WeiRht 

a 

^ 1 

c 1 

d j 

e 1 

f 

R 

1. 

i 

i 1 

k j 

1 

per Yard, 
I*ounda 

In. 1 

In. 

In. i 

In. j 

In. 

In. 

In. 

In. 1 

In. 

1,,. 1 

In. : 

In. 

100 

5m| 

5?^ 

2H 

US 

lA 

31 



I'a 


I’rt 

J6 

00 

55^ 


2H 

U1 

Of. ft 
^04 

55 

1^0 1 

-iV« 

i'fl 


IH 1 

\* 

85 

5.V 

5i^n 

2,\ 

13S 

2H 

55 

i 

“li 

A 

li 

iV 1 

A 

80 


5 

2.4 

14 

2% 

4 

Vi , 

“16 

i’rt 

4 

j 

131 

75 

4lij 

413 

2y 

U1 

2ri 

ll 

i’i 

2 I'j H 

A 

4 

10 1 

1*6 

70 

4^^ 

Ws 

2itt 

m 

2Vl 

13 

22 


A 

4 

A 

A 

05 


4 id 

2\2 

I j'l 

2H 

iiS 

4 

U3 

A 

4 

I’a 

A 

60 

4}4 

4K 

2% 

I 32 

211 

IS 

83 

113S 

A 

K 

I’ft 

A 

65 


4i'fl 

2 4 

1.U 

2ii 

51 

IS 

li'iil 

X6 

4 

l'« 

A 

50 

SVs 

33^ 

24 

14 ; 

2 1*6 

11 


»51 

A 

4 

A 

A 

45 

31 h 

i3U 

2 

i.’J 

[131 

51 

il 

Ui 

A 

4 

A 

A 

40 

3H 

33^2 

1% 

u-J 

1 US 

4 

8S 

I iV« 

16 

4 

A 

A 

35 

3ia 

3ni 

14 

Si 

IjS 

81 

?.S 

U8 

1 v* 

4 

A 

A 

30 


SH 

Hi 

% 

li2 

13 

li 

i;is 

1 

4 

A 

A 

25 

2H 

2H 

14 

5$ 

Ui 

8i 

IS 

It'A 

4 

4 

A 

A 

20 

2^ 

2H 

n\ 

li 

US 


4 

111 

4 

l‘h 


A 

16 

2H 

2% 

11.1 

li 

US 

4 

it 

1 i3fl 

A 

10 


A 

14 

12 

2,>« 

2 

2 1*8 
2 

lA 

1 

4 

li*. 

lA 

13 

13 

H 

A 

83 

fi7 

04 

A 

A 

in 

A 


A 

A 

10 

iH 

i% 

n 

n 

n 

IS 


1! 

A 

A 


A 

8 

ift. 


lil 

Vi 

13 

1 A 

A 

11 

A 

A 


A 
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RAILS 


AMERICAN RAILWAY ASSOCIATION RAILS 


c C 



b 


SKRIKH A 


iSf'c.tioti 

Iniiox 


Weight ! fi ! h (• (1 : c ^ f i g ' ii i ; i I k 

Per Yard, ^ ■ 

l’(iuii<ls , In. ! In, ! In. . In. In. In. In. In. ' In. ' In. ' In. 


10020 

100 

i 

\^}i\ 

234 : 1,':. i 

i m 

Ai*ii . I'ti 

|2i8 

9020 

90 

1 


|2,-i.;u5 


1 1 « 

2sJJ 

SOJO 

SO 


l4:>^ 

21^1 1,^ 


Ki' U 

2 A 

7020 

70 

4?i| 

|4';ri 




2.\s 

0020 

00 



4}^ 

4 

2.Pi ' l/;.^ 


' u\ n 

2U 


! 1 

i' ■ 

{ In. 


c 





Section 

Index 


*loo:io 

♦U()30 

♦8():i0 

♦7030 

*0030 


Weight 
Per Yard, 
Poutids 

100 

90 

SO 

70 

00 


sp:kies b 



* Not rolled by Carnegie Steel Company. 
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CARNEQIE STEEL COMPANY 


SPLICE BARS 

A. S. O. K. RAILS AND LIGHT RAILS 


S10040 to S5540 S 5040 toS3040 S2540 S2040 S1640 toS840 




Weight 1 

a i 

b 

C ! 

d i 

e 

f 

8 

h ! 

i 1 

j 

i 

Section ; 

per Foot, 1 
Unfini8he<l 





1 


1 

"I 

.... 



Index 1 

* — 

In. ' 

In. 

In. 

In. 

In. ; 

In. ! 

In. 1 

In. I 

In.| 

In. 


rouixis 


... ■ 




' 



S 10040 

15.80 

1 

nr 

u 1 

H ' 

43 

15 ^ 


h2'»< 

3? 

:uJ 

i\ 

M 9010 

13.50 

23.? i 

m. 

1 il 

n ! 

'5 i 

• 1(1 ! 

A 

145 

A 

a 

S 8510 : 

12.40 1 

25^; 

li!i . 

el 

3.1 ! 

4S 


y-i 

1h 

39 

S 8010 

11.50 ; 

25 8 • 

1 i? ! 

33 

H 

Jn * 

i.‘4l 

A 

Vb 

5i 

A 

S 7540 ; 

10.70 

2il? 

Ulj 

4* 4 

U 1 


U5j 

1ft 

Yil 

?3 

lA 

S 7010 

10.00 

2.V1 

la ; 

a 

H 

il 

ur 

10 

■fli 

33 

il 

a 

S 0540 i 

9.20 , 

2H 

u?! 

«■? 

U 

13 

HI 

A 

H 

A 

S 0040 , 

8.40 

2.\I 

1 i 

s? 

% 

U 

lA 

A 

/A 

3 .? 

A’s 

S 5540 ! 

7.50 

2a 

Ifi i ■ 

a 

\3 

H 

I'A 

A 

I'oH 

Yb 

Yb 

39 

S 5040 

0.02 

2 A 1 

1>^, 

iS 

4? ! 

H \ 


43 

Yb 

n4 

S 4540 

5.80 

u?i 

Ifi'i ^ 

3? 

H ; 

U ! 

34 j 

13 

31 

43 

J?4 

S 4040 ; 

5.00 

nu 

34 i 

H 

43 j 

44 

i 

43 

iVr 

A 

3? 

iSh 

S 3540 ; 

4.58 1 

m\ 

1 

a’l 

i'« i 

I'n 

i 3a 

44 

3i 

1 

S 3040 , 

3.97 

m 

3?i 

TO 

43 

A 

32 

a 

81 

H 

o\ 

S 2540 i 

2.20 

Ui 

% 

43 

41 

33 

il 

32 

Ah 



S 2040 i 

1.87 

liS 

\k 

H 

A 







S 1040 i 

1.70 

m 

31 

il 

A 







S 1440 

1.36 

1 A 

4? 

32 

A 







S 1240 

1..30 

lA 

4? 

31 

A 







S 1040 i 

i 0.985 

n 

4S 

1 s’a 

H 







S 840 

i 0.747 

13 

A 

j 3^a 

s’a 






'i 


Splice Bars S 10040 to S 5040, inclusive, are for A. S. C. E. Rails. 
Splice Bars S 4540 to S 840, inclusive, are for Light Rails, 


k 


In. 


3H 

213 

23? 

254 

234 
233 
2 IB 

2 /a 
2* 
13? 

m 

US 




In. 


H 

/n 

/il 

\a 

H 

H 

Vb 

H 

A 

A 
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SPLICE BARS 


SPLICE BARS--Concluded 

AMERICAN RAILWAY ASSOCIATION RAILS 



SERIES A 


Section 

Index 

Weight 
per Foot, 
Unfinished 


b 

c 

d 

c f 1 K 

«' ! 

h 

'■'h 

j 

k 


Pounds 

In. 

In. 

In. 

In. 

In. . In. ; In. 

In. i 

In. 

In. ! In. 

1 

In. 

s 10020 ; 

10.01 


' 153 


i u 

^3 1^:1* 

^4 1 

u 

1 1 ! JS 


S 0020 ! 

10.04 


i liiJ 

In 

u 

.L* lil 


18 

MS: ^ 

3 i 

S S020| 

13.43 

2n\ 

m 

Vh 

n 

I VA I Hi 

n 1 

at 

! 3S ! fii 

2U 

S 70201 

11.04 

2H\ 

m 

n 

H 

i Aia Ini 

»:i 1 
n4 1 

ii? 

U \ U ; 

2,«8 

S (i020 ' 

10.03 

22? 

n\ 

c? 1 

H 1 

1 n ! 

on 1 
12« 1 

r*ii 


2f„ 


S 1 ()()3() S to S 0030 
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CARNEQIE STEEL COMPANY 


I a^atdttlOn 00»i'^-»r-^0'<t<a6t--'^M<o*-i*i'-^Oi--Oi--(35ao05«oo>oor'.fi?iM'ne<5 

~ I SS5555i1SSSSiif5iiS^5r:g8:ss^2:g'^K‘.^' 

P 'sjuoBt^jaay 

O <rj ij.’ » -I* lO I - ^ ^ ^ M « c-i X 3 CO JO ci I - 1 - cd ro eo ei e-l ^ « 

■ S _, I'cc ro CO CO m M ro Mco c<5MM cc M ro 1^ c-4 '-0 I- I- i>j ii O O e-i ■ri 

CO ^5 ^? CO OI C> CO «5 to •!< M CO CO CO f' 


cococococo^comsococococc 

j Q ^ ^ =i •=. *=5 q c — 

[ CO CO CO CO CO CO CO cc 

^^^co^coSSSc?i^S§ 


- ^ o o 


BJta oaiids 1 

•‘ iM^«20>-'coa>C3 0iC:uCii'.e,c;>0'i‘io*oi 

■ .‘z. z z z zzz> z'z o‘o^ qo z zzz zzz'z;:^z'zz:=zzzz 

, I ei oi 01 oi oi e-t Cl oi oi Cl 01 ci cf ci ci oi ci ci oi ci o o o o 2 « S o tc 2 o 

B.»>(idv5' ; ::^:2;2:2:2i3:2:3:2:3:3i!;t2:2:2:2:3;2:22.3'5S‘5;:^S8.?3SS 


C oi 

f 1 




I g 'ftnaossoaov I § ^ -o t5 ?? r: 4 ^ 7: !<o ?c ’:? 2? ^ -3 ^ !o io q ? 5. i3 rt c^ cl I' Jo % 

1 •flioii; g* gSasiys =s5ioii3ciHss^^ 

o I £ 1 I X 'X >•,■ C- ci ci I- I « ./> I - X C 3 td CO -tl -)' -!< - 1 < *0 « tc O CO ■oJ icj id o' 1 * id 






§°l 

I'^o' a 

■o p o3 


C? U 


•o <o -!o ^ iiN CO CO cl el ci Cl OI oi ^ 

" I : ^ iJ Zi ’■^ -' '" q '/' f- q ~ ’'■' g ^ ~ 
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RAIL ACCESSORIES 


RAIL CLIPS 



Rail Clip 
No. 

Siic, 

Inches 

Weight 
per Foot, 
Pounds 

Weight of 
Finished 
Clip, 
Pou^B 

Rail Section 

103 

21^x2 

4.4 

0.04 

100 to 60 lb. A. S. C. E. Rails. 

114 

liUlH 

2.3 

0.25 

j 50 to 20 lb. A. S. C. E. Rails. 

118 

2,4x2 

5.65 

0.85 

! 100 to 60 lb. R. 13. Rails. 

104 

2^x2 

7.3 j 

1.10 

i 100 to 60 lb. A.S.C.E. Angle Ban 

108 1 

24 x 2 

4.8 ^ 

0.70 

' Girder Ralls. 


Clipe can be furnished with diameter ho!‘». 
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CARNEQIE STEEL COMPANY 

PIPE— BLACK AND GALVANIZED 

NATIONAL. TUBE COMPANY 8TANDAKD 

STANDARD PIPE 


Size, 

in. 

Diameters, 

Inches 

Thick- 

ness, 

Inches 

Weight per Foot, 
rounds 

Threads 


Couplings 


External 

Internal 

Plain 

Ends 

Threads 

and 

C'ouplingfl 

per 

Inch 

Diamcte* 

Inches 

Length, 

Inches 

Weight, 

Founds 


.405 

.209 

.008 

.244 

.245 

27 

.562 

H 

.029 

H 

.540 

.304 

.088 

.424 

.425 

IS 

.685 

1 

.043 

% 

.075 

.493 

.091 

..507 

.508 

IS 

.848 

lA ' 

.070 

H 

.840 

.022 

.109 

.8.50 

.852 

14 

1 .024 

Ds 

.110 

H 

1.050 

,824 

.113 

1.130 

1.134 

14 

1.281 

lA 

.209 

1 

1.315 

1.049 

.133 

1 .07.S 

1 .084 

11)^ 

1.570 

1 

.343 


1.060 

1.3S0 

.140 

2.272 

2.281 

nyi 

1.950 

2A 

.535 

VA 

1.900 

I.GIO 

.145 

2.717 

2.731 

nA 

2.218 

2H 

.743 

2 

2.375 

2.067 

.1.54 

3.052 

3.078 

UA 

2.700 

2H 

1.208 

2A 

2.87.5 

2.409 

.203 

5.793 

5.819 

8 

3.270 

2A 

1.720 

8 

3.500 

3.008 

.210 

7.575 

7.010 

8 

3.948 


2.498 


4.000 

3.548 

.220 

9.109 

9.202 

8 

4.. 591 


4.241 

4 

4.500 

4.02(1 

.237 

10.790 

10.889 

8 

5.091 

3^8 

4.741 

4A 

5.000 

4.500 

.247 

i 12.5.38 

12.042 

8 

5..59I 

354 

5.241 

5 

5.503 

5.047 

.2.58 

14.617 

M.810 

8 

0.290 

4A 

8.091 

6 

6.02,5 

0.005 

.280 

18.974 

19.185 

8 

7.358 

4K 

9.554 

7 

7.025 

7.023 

..301 

2.3.. 544 

23.7(59 

8 

8.3.58 

434 

10.932 

8 

8.025 

8.071 i 

.277 

24.000 

25.000 

8 

9.358 

. 454 

13.905 

8 

8.(525 

7.981 

.322 

2K..5.54 

28.809 

8 

9.3.58 

458 

13.905 

9 

9.625 

8.941 

.342 

33.907 

34.1.SS 

8 

10.358 

ryA 

17.236 

10 

10,750 

10.192 

.279 

31.201 

32.000 

8 

1 1.721 

o 3'8 

29.877 

10 

10.750 

10.130 

,307 

34.240 

35.000 

8 

11.721 

(534 

29.877 

10 

10.750 

10.020 

.3(i5 

40.4.S3 

41.132 

8 

11.721 

03-8 

29.877 

11 

11.750 

11.000 

.375 

45.5.57 

40.247 

8 

12.721 


32.550 

12 

12.750 

12.090 

.330 

43.773 

4.5.000 

8 

13.958 

034 

43.098 

12 

12.750 

12.000 

.375 

49.. 502 

50.700 

8 

13.9.58 

OW 

43.098 

13 

14.000 

13.250 

: .375 

.54.508 

55.824 

8 

15.208 

634 

47.152 

14 

15.000 

14.250 

.375 

.58.573 

00.375 

8 

16.446 

GA 

69.493 

15 

16.000 

15.250 

.375 

62.579 

64.500 

8 

17.446 

GA 

63.294 


The permiBsible variation in weight is .I per cent, above and 6 per cent, below. i 

Furnijshed with threads and couplings and in random lengths unless otherwise ordered. j 

Taper of threads is diameter per foot length for all siies. ! 

The weight per foot of pipe with tlintjuls and couplings is based on a length of 20 feet, 1 
: including the coupling, but shipping lengths of small sizes will usually average less than 20 feet. | 
All weights and diraonaions are nominal. On sizes made in more than one weight, weight ! 
i desired must be specified. ! 
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PIPE 


PIPE— BLACK AND GALVANIZED— Concluded 

NATIOXAIi TUBE COM PANT STANDARD 


EXTRA STRONG PIPE 


Size, 

In. 

Diameters, 

Inches 

_ . .f 

I'lxturnul 1 Internal 

Thick- 

ness, 

Inches 

Weight, 

per 

Foot, 

Pounds 

Plain 

Ends 

M 

' .405 

.215 

.095 

.314 

H 

.540 

.302 

.119 

.535 


.075 

.423 

.120 

.738 


.840 

.540 

.147 

1.087 


1.050 

.742 

.154 

1.473 

1 

1.315 

.957 

.179 

2.171 

1*4 

1.000 

1.278 

.191 

2.990 

VA 

1.900 

1.500 

.200 

3.031 

2 

2..375 

1.939 

.218 

6.022 

2'A 

2.875 

2.323 

.270 

7.001 

3 

3.500 

2.900 

.300 

10.252 


4.000 

3.364 

.318 

12.505 

4 

4.500 

3.820 

.337 

14.983 

4.4 

6.000 

4.290 

.355 

17.011 

6 

5.503 

4.813 

.375 

20.778 

6 

0.025 

5.701 

.432 

28.573 

7 

7.025 

0.025 

.500 

38.048 

8 

8.025 

7.625 

.500 

43.388 

9 

9.025 

8.025 

.500 

48.728 

10 

10.750 

9.750 

.500 

54.735 

11 

11.750 

10.750 

.500 

00.075 

12 

12.750 

11.750 

.500 

05.415 

13 

14.000 

13.000 

.500 

72.091 

14 

15.000 

14.000 

.500 

77.431 

l.'i 

16.000 

•15.000 

.500 

82.771 


DOUBLE EXTRA STRONG PIPE 


Size, 

Diameters, 

Inches 

Thick- 

ness, 

Weight 

per 

Foot, 

Pounds 


hixternul 

Itiiernal 

Inches 

Plain 

Ends 


.840 

.252 

.294 

1.714 

H 

1.050 

.434 

.308 

2.440 

1 

1.315 

.599 

.358 

3.059 

Hi 

1.060 

.890 

.382 

5.214 

VA 

1.900 

1.100 

.400 

0.408 

2 

2.375 

1.503 

.430 

9.029 

2A 

2.875 

1.771 

.552 

13.095 

3 

3.500 

2.300 

.000 

18.583 

3H 

4.000 

2.728 

.030 

22.850 

4 

4.500 

3.152 

.074 

27.541 

4A 

5.000 

3.580 

.710 

32.530 

5 

6.503 

4.003 

.750 

38.552 

6 

6.625 

4.897 

.804 

53.100 

7 

7.625 

6.875 

.875 

03.079 

8 

8.625 

0.875 

.875 

72.424 


Ftirnishwl with plain ends and in randon 
Iciigtlis unless othcrwilc o^ered. 

Permissible variation in weight, for extrt 
strong pipe, 5 per cent, aliove and 5 per cent 
below. 

For double extra strong pipe, 10 per cent 
above and 10 per cent. IxjIow. 

All weights and dimensions are nominal. 


LARGE O. 1). PIPE 




Weight per Foot, Pomids 


S’ 


lliickncss. Inches 


s 

u 

‘Ho 

% Vs 1i« '>» % Vi. 

1 

1436.713 

46.682 

64.568 63.371 72.091 80.720 89.279100.134122.654 

138.842 

1539.38349.020 

58.573 68.044 77.431 80.734 95.9,54114.144132.000 

149.522 

16142.0531 

62.357 

02.579 72.710 82.771 92.742 1 02.029 122.1.54 141.346 

160.202 

1744.723 

65.695 

60.684 77.389 88.111 98.719109.304130.104 150.690 

170.882 

18 47.303 69.032 

70.589 82.001 93.451 104.757 115.979 138.174 100.035 

181.662 

20 

65.708 

78.599 91.407 104.131 116.772 129.330 154.194 178.725202.922 

21 

69.045 

82.604 96.079109.471122.780130.005162.204 


22 

72.383 

1 86.609 100.752 114.811 128.7.S7 142.680 170.215 


24 


94.619110.097 125.491 140.8021,50.030186.235 


20 


102.629 119.442 136.172 152.818 169.380202.256 


28 


128.787146.8,52164.833182.730218.276 


30 


138. 1 32 1 .57..532 1 76.848 196.081 234,296 



Furnished with plain e^s and in random lengths, unless otherwise ordered. 
All weights and dimensions are nominal. 
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CARNEQIB STEEL COMPANY 

SCREW THREADS 

AMEHICAN BniDUK COMPANY HTANDAUU 

Bolts, Rods, Eye Bahs, Tuunduckles, Sleeve Nuts, and Clevises 



Diaiiioler 

.Vrea 

N umber 

Diameter 

.\rea 

Number 





of 





of 

Total 

Net, 

Total 

. Not ! 

Tliremla 

Total, 

Net, 

'I'otal 

Net 

Threads 

d, 


Diu., d, 

' ?)ia., c, : 

per 

<1. 

c. 

Dia., d, 

Dia., c, 

per 

In. 

hi 

Sq. In. 

; in- i 

Ineli 

In. 

In. 

Sq, In. 

Sq. in. 

I nch 

*4 

.IS.-, 

.040 

.027 ! 

20 

21.. 

2.17.5 

•l.OOO 

2.710 

4 


.21)4 

i .1 10 

; .OOS ' 

10 

-"‘h 

2.200 

5.412 

4.150 

4 

l-a 

.400 

.100 

.120: 

i;t 

2h 

2.425 

5.010 

■1.010 

4 

5 s 

..507 

, .:i07 

: .202 1 

11 

2Jh 

2 . 5.50 

0.492 

5.108 

4 

?i 

.020 

.72,1 

.442 

.001 

! 

: .410 : 

10 

0 

2 

2'.t 

2.020 

2..S70 

7.O00 

H.200 

5.428 

0.500 

, 

3?^ 

2.1-j 

1 

.8:i.s 

.7.S.5 

: ..5.5 1 

8 

2' 2 

2.100 

0.021 

7..54y 

2j-^ 

lls 

.Ddl) 

.001 

.00:1 1 

7 

2n 

2.2 L7 

1 1.04.5 

8.041 

1 2 

lU 

l.Otil 

1 .227 

.soo 

7 


i 



ol 

1.1. 5.S 

l.l.Sf 

1.0.54 i 

0 , 

4 

2.567 

1 12.500 

’ 0.002 

i 2 

La 

l. 2 s;i 

1 .707 

1 .204 ! 

0 1 

4!4 1 

' 2.708 

14.180 

1 1 .220 

2H 

1 .:i.si) 

2.074 

1..5I.5 i 

.5 !■'•» ' 

■ 41^ 

! -4.028 1 

15.004 

12.741 

2U 

in , 

1 1.400 

2.40.5 

1.744 ! 

5* I 

: 4n 

4.255 : 

17.721 

14.221 

2% 

IJs 

1.01.5 

2.701 

2.040 1 

1 

i 

5 

4.480 i 

10.025 

15.700 

2yi 

2 

,1.711 

:L142 

2 .:joo I 
2.010 ; 

■V/j 1 


4.720 i 

21.048 

17.574 


i-’H 1 

l.HdO 

:Lr>47 

4, '.-a 1 


4.052 1 

22.7.58 

10.268 


2}i i 

1.001 

:i.07o 

, ;{.02i 1 

1 

! 

5.202 i 

2.5.007 

21.202 

25^ 

2% ' 

2.0S0 

4. 4. '10 

2.410 

4!.i : 

■ 0 

5.422 : 

28.274 

22.005 



HOLT HEADS AND NUTS 

AMEKICAN BRIDGE COMPANY STANDARD 



For Screw Tlin!a<]«, Bolt Heads and Nuts, tlic American BridRC Company has adopted the 


Franklin Institute Standard, commonly known as United States Standard. 


140 




BOLTS 


BOLT HEADS AND NUTS, Dimensions in Inches 


amkrican uuidue company standard 



Bquari; 


niaini'tiT 
JiOiiK : Short 


iH h 
Ua 

H;l I i'.i 


:{>^i 

•<-'k 


i 

0 


iH 

Li! 


I 

i iH" 

I .iJs 
L'4 


I 






1 

I‘8 

I'l 

, l:S 


1 •'■8 
1=’4 



BOLT 'llIHEADS, Length in Inches 


AMERICAN UKIDOK COMPANY HTANDARD 


Length, 

Inches 


Diameter, Inches 


1>« 


1 to 

15 ^ to 2 
2t^to 2\i 

.4 

H 

% 

h 

H 

1 

1 

1 

IJ 4 

1'4 

IM 

Ua 

14 

l.’a 

1?4 

i?4 


2Hto 3 

H 

% 

1 

Vi 

VA 

1?4 

1^4 

2H 

3)^ to 4 

% 

H i 

i l}4 ' 

V4 

m 

^ Iil4 

H 4 

2H 

4HtO 8 

1 

1 

IM 

I 13-a 

; 1?4 

2 

1 2K : 

\ 2<A 

8Ktol2 

1 

1 

IH 1 

1?4 


: 2m 

2!a : 

1 3 

12Hto20 1 

1 

1 

1.^ 1 

1 2 

1 2 

i 2H 1 

2 A i 

1 3 i 


Bolts not listed aro threaded about 3 times tlio diameter: 
standard bolts tlireaded closer to the head than inch. 


in no case 
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CARNEQIE STEEL COMPANY 

BOLTS WITH SQUARE HEADS AND NUTS 

AMBRICAN BRIDOB COMPANY STANDARD 

Weight in Pounds per 100 Bolts 


Length | 
Under ; 




Diameter of Bolt, Inches 




Heail, - 
Inches ; 

1 j 

•?!« 

% 





r 

■ 

1 

4 

7 

11 

15 

; 22 

37 

56 

1 ; 

1 


U4 

4 

7 

11 

16 

j 23 

39 

59 



i}4 

r> 

8 

12 

17 

i 

41 

62 

1 


IH 

f) 

8 

13 

18 

! 26 

43 

64 



2 

5 

9 

14 

19 

1 27 

45 

67 

: 101 

144 

2. ‘4 

(> 

9 

15 

20 

; 28 

47 

71 

104 1 

150 


0 

10 

15 

21 

: 30 

49 

74 

109 ■ 

155 

2?4 , 

B 

10 

16 

22 

31 

51 

77 

113 i 

161 

3 

7 

11 

17 

24 

,* 33 

54 

80 

117 I 

167 

3‘^ , 

7 

12 

18 

25 

35 

58 

86 

126 

178 

4 

8 

13 

20 

28 

38 

62 

92 

134 

189 

4H 

<) 

14 

i 21 

30 

41 

66 

98 

142 

198 

f) 

10 

15 

23 . 

32 

43 

71 

104 

151 

209 

5H 

10 

16 ' 

25 

34 

46 

75 

ill 

159 

220 

6 

11 

17 

20 

36 

49 

79 

117 

16.S ' 

232 

OH 



28 

38 

52 

84 

123 

176 

243 

7 



29 

40 

55 

88 

129 

185 , 

254 

7H 


I 

31 ! 

42 

57 

92 

136 

193 : 

265 

8 ; 


j 

32 

45 

60 

97 

142 

! 202 

276 

9 


; 

34 ; 

49 

65 

105 

154 

218 

298 

10 




53 

. 71 

114 

167 

*235 1 

320 

12 




61 

: 

131 

192 

269 ' 

364 

14 


' j 



i 93 

148 ; 

217 

303 ; 

409 

Per Inch 
Additional | 

1.4 

2.2 ! 

1 

3.1 . 

4.3 

1 5.6 

8.7 , 

12.5 

17.0 1 

22.3 


SQUARE NUTS AND BOLT HEADS 

AMBRICAN BRIDGE COMPANY STANDARD 

Weights in Pounds for One Head and One Nut 


Diameter of Bolt, 

Inches 

V/t 


1% 1 

_ .. 1 

2 

2Vi! 

3 

Square Head and Nut..,, 

2.05 i 

3.51 

1 

5.48 

8.08 

15.5 

26.2 

Wilgtit of Shank per Inch 

.3477 

.5007 

.6816 

.8900 

1.391 

2.003 
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ISULTb 


BOLTS WITH HEXAGON HEADS AND NUTS 

AMKBICAN BRIDGID COMPANY STANDARD 


Weight in Pounds per 100 Bolts 


Length 

Diameter 

of Bolt, Inches 

I/cngth 

Diameter of Bolt, Inches 

Under 






Under 






Head, 






Head, 






Inches 

1 .1 
'■ 


•f-4 

4 

1 

Inelx^S 

Va 


■'4 

Ts 

1 

1 

19 

33 

52 



8 

58 

92 

137 

194 

264 


20 

34 

54 




00 

90 

143 

202 

274 

VA 

22 

30 

57 



9 

03 

100 

149 

210 

285 

lU 

23 

3S 

00 



9>^ 

00 

105 

150 

219 

296 

2 

24 

40 

03 

93 

132 

10 

08 

109 

102 

227 

307 

24 

2C3 

43 

00 

97 

137 

103 i 

71 

114 

108 

236 

318 

2,4 

27 

45 

09 

101 

143 

11 

74 

118 

174 

244 

329 

3 

29 

47 

72 

105 

148 

1 1 A 

77 

122 

181 

253 

341 

30 

49 

75 

109 

151 

12 

80 

127 

187 

201 

352 

3M 

31 

51 

78 

1 14 

100 

12La 

82 

131 

193 

270 

303 

34 

33 

54 

82 

118 

105 

13 

85 

135 

199 

278 

374 

3?.4 

34 

50 

85 

122 

171 

133^ 

88 

139 

200 

287 

385 

4 

35 

58 

88 

120 

170 

14 

91 

144 

212 

295 

396 

44 

37 

00 

90 

130 

180 

; 143-2 

93 

148 

218 

304 

407 

44 

3S 

02 

91 

134 

180 

i 1*^ 

90 

152 

225 

312 

418 

4H 

39 

04 

97 

138 

191 

1 OLa 

99 

! 157 

231 

321 

430 

6 

41 

00 

100 

143 

197 

1 16 

102 i 

101 

237 

329 1 

441 

54 i 

42 1 

08 

103 

147 

202 

1CH 

105 1 

i ;o5 

243 

338 ! 

452 

i 

44 

71 

100 

151 

208 

17 

107 

170 

250 

340 

403 

54 

45 

73 

109 

150 

213 

173^ 

no 

174 

256 

355 

474 

6 

40 

75 

112 

100 

219 

18 

113 

177 

202 

304 

485 

64 

4S 

77 

115 

104 

225 

IHA 

no 

183 

208 

372 

490 

6,4 

49 

79 

119 

108 

230 

19 

119 

187 

275 

381 

507 

64 

51 

81 

122 

173 

230 

193 i 

121 

191 

281 

389 

519 

7 

52 

84 

125 

177 

241 

20 

124 

190 

287 

398 

530 

74 

5 / 

80 

128 

181 

247 







74 

55 

88 

131 

185 

252 







74 

56 

90 

134 

1 90 

258 







Ter Inch 
Additioniil 

5.6 

8.7 

12.5 

17.0 

22.3 

^ 

' Per Inch 

1 .'Ndditiunal 

5.0 

8.7 

12.5 

17.0 

22.3 


HEXAGON NUTS AND BOLT HEADS 

AMERICAN BRIDOE COMPANY STANDARD 


Weights in Pounds for One Head and One Nut 


Diameter of Bolt, 

Inches 

14 

iVs 

1% 

2 

2A 

3 

Hexagon Head and Nut. . 

1.73 

2.95 

4.61 

6.79 

13.0 

1 22.0 

Weight of Shank per Inch 

.3477 

.5007 

.6815 

.8900 

1.391 

2.003 
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CARNEOIE STEEL COMPANY . 

UPSET SCREW ENDS FOR SQUARE BARS 

ambrican uridob company standard 



Pitch and Shai)oof Thread A. B. Co. Standard 



144 



Ul'S^l SOKCW ISINUS 


upsp:t screw ends for round bars 

AMERICAN BRloaE COMPANY STANDARD 



Pitoli and Shapo of Thread A. B. Co. Standard 



DAU 




UPSKT 










Area 




j 


.Additional 

Diameter 



Diameter 

Area, i 

Weight 

per 

Diameter 
b. ! 
Inches 

Length 

Length 

for 

at 

Root of 

At Root 

Excess 
Over 
Area of 
Bar, 

% 

d, 

Inches 

Bq. ! 
Inches ; 

f'oot, 

Lbs. 

Inches 

Upset 
+ 10%. 

Thread 

c. 

of 

'I'hread, 






Inches 

Inches 

S(i.lnehi!8 

♦ h 

0.442 

1.50 

1 

4 

4 

0.838 

0.551 

24.7 

* H 

O.tiOl I 

2.04 


4 

» 

1.064 

0.890 

48.0 

1 

0.785 

2.67 

IH 

4 

4 

1.158 

1.054 

34.2 

IH 

0.004 ! 

3.. 38 


4 

4 

1.28a 

1 .294 

30.2 


1.227 

4.17 

1^8 

4 

4 

1.389 

1.515 

23.5 

IH 

1.485 

5.05 

iU 

4 

4 

1.490 

1.744 

17.5 

VA 

1.767 

6.01 

2 


^A 

1.711 

2.300 

30.2 

IH 

2.074 

7.05 

2K 

4A 

4 

1.836 

2.649 

27.7 


2.405 

8.18 

2H 


4 

1.961 

3.021 

25.6 

m i 

2.76f 1 

9.39 1 

2H 

5 

4 

2.086 

3.419 

23.8 

2 

3.142 1 

10.68 

2A 

5-i, ’ 

4 

2.175 

3.716 

18.3 


3.547 1 

12.06 

\ 2?/8 1 

1 5'^ ' 

3L-i 

i 2.300 

4.156 

17.2 

2H 

3.076 1 

13.52 

' 2H 

6 

4}2 

2.550 

5.108 

28.4 


4.430 

15.06 

3 

6 

412 

; 2.629 

5.428 

22.5 

2}4 

1 4.000 

16.69 

I 3LC 

6,' 2 

5L2 

! 2.879 

6.509 

.32.6 

2H 

1 5.412 

18.40 

1 

(\A 

4V2 

‘ 2.879 

6.509 

20.3 

2H 

5.040 

20.19 

1 3H 

7 

5M 

; 3.100 

7.549 

27.1 

2H 

6.492 

22.07 

; 3?4 

7 

6 

I 3.317 

8.641 

33.1 

3 

7.069 

24.03 

i W4. 

7 

5 

i 3.317 

8.641 

22.2 

3H 

I 7.670 

26.08 

4 

lA 

i ® 

i 3.567 

9.993 

j 30.3 


1 8.296 

28.21 

1 4 

lA 

i ^ 

1 3.567 

9.993 

20.5 

3»4 

1 8.946 

30.42 

4M 

8 

1 ^A 

’ 3.798 

; 11.330 

i 26.6 

3>4 

9.621 

32.71 

4M 

8 

! 5 

, 3.798 

i 11.330 

i 17.8 

3^ 

10.321 

35.09 


8>4 

: 53-4 

4.028 

1 12.741 

i 23.4 

35^ 

11.045 

37.55 


' HA 

i 6 

j 4.255 

i 14.221 

! 28.8 

3^ 

11.703 

40.10 

4U 

1 HA 

1 

! ^A 

j 4.255 

1 14.221 

j. 20.6 

1 


Upsets marked arespecia]. 
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CARNEGIE STEEL COMPANY 

EYE BARS 

AMERICAN BRIDOB COMPANY STANDARD 


ORDINARY EYE BAR 


ADJUSTABLE EYE BAR 




. a - ' » ^ b 

|, Minimum length of abort end from center of 
ipin to end of screw, preferably 7'-0". 
j Thread on short end to be left hand. 

I Pitch and Shape of Thread A. B. Co. 
Standard. 


__ BAR I 

I ' 1 

Thickness ■ 

Dia. ; 

Width 1 I <1 


HEAD 

Maximum i 


BAR I 


Pin 


In. 


iMax.Min.i 
In. In. I 


Additional 
Material, a, 

Ft. and l[n. ■ 
iExccsfl I , Width' 
Dm. f'»F !' 


Min. 

thick- 

ness 

In. 


{Excess . 
Upset, bengthi 
' Jii, ' 
In. 


2 1 

3 l}j 


' (U-i; 
(V 


I 1- 0 I (L 7 |j 

2’4 37..'il 1 - 4 0-n 2 
_| I- «! 1:^4 il_ 
1-3 10-10;; 


h\ 

2 


i 0 i 1-3 ()-10;; 

J 7 I 3>£'|40.0 1- ?! 1- 2 ■ 2.' a | 2t 


S 


5'8, 

!* Ol u' 

;■■■■■ I H\ 10 I 

2 1^'‘| 13!^ 

; _ 1 

" 'U \ M I 

6 2 II 14?4; 

; _ 1 

; ■ il '163 a; 

7 2 AH' 173 a; 

1 U '8 *1 

, il’ I'iS I 

8 2 '134; U.> 

I : 1 1,1 *20 i 

3 { “ ;i*i 22 I 

U^,'22h 
10 !2 im 24 

j _ i l?''s !2.') 

, 11341 26,^ 

2 1:^^! 2H 

t U'3*29>/ 


4H\ _ I 2- 01 1- 7 

311' ! 1- 0: 1-"1 

4 >4 : 41.71 1-11 i I- 5 

6 'ii 12-4; 1-10 ' 

432 ! j 1-11 j 1- 6 

.'ll J 37.r>l 2- 3 1-10 

(> 32 ; _ ! 2- s! 2- 2 „ 
'.I'i; 2 - 1 ; 1 - s : 

6 ‘li 3.x0 ; 2- 81 2- 2 h 

__ 13 - 3 ; 2-j) 

'r>? 4 i , 2- 4 ; 1-10 1; 

(>•;;! 37..''>i 2- r>i 2- 1 '! 
834 : _ l3- 2: 2- 8 : 
7 I ' 1 2- 7 ; 2- 2 :■ 

5 .'l.'i.Ti 2-11 i 2- 0 

0 ! 3- 1 I 2-11 

7 ' 1 ■ “ ; 2- 8 , 2- 3 ■■ 

8 37 . 513 - 0 : 2-6 
oj 1.3-4 2-11 
7H 2-11 , 2- 6 

0 I ■ i 3- 5 I 2-10 


3 


12 


, 11^131 

14 2 131*133 

1 I |l51*3_4 

i 16 




103^1 3.5.0 
iHii _ 

10 I 

113^ 37.5 
12 I 

14 35.7 

15 I 

14 1 37.5 

10 1 34.4 


3- 9 ! 3- 3 

4 - 113-7 

3- 8 

4- 2 
4- 8 
4-3 

4- 10 

5- 5 

4- 11 

5- 6 


1 \2H 

* H 2\i 

Kj 2)2 

1 i 23 ij 

* H~2}i 
Hi 2H 

1 I 3 ^ 

! 13-^^334. 
; * ?.li 2H 
I %•: 3 
1 I 334 

: iJ4 3?4 

: *1 I 33l* 

1 134 ; 3M 

I I34I 4 

! m\^H 

.*i3'hI 4 
; 1341434 
13'8|434i 
i m\4H 
*\H\ 434 
j 1)4 43^ii 

m\^H 
; m!5 
I VHJyH 


SCR EW EN D 

Additional 


Material, b, 
Ft. and In. 


For 

brder- 


39.0 

36.6 
31.4 
11.2 

38.1 

36.7 
34.3 

41.6 
23.9 
23.9 

32.0 

35.7 
44.6 

36.2 

21.1 

30.2 

34.2 

38.3 

25.8 
28.0 

33.2 

37.3 

26.9 
29, 

32.4 

35.4 

25.9 

27.4 

29.3 

31.4 
35.2 


5 ! '2 
.53^-i 

034 

"6 

6 

7 

_7_ 

7 

7H 

_8 

7H 

8 

831j 

_83a 

8 

fiH 

HH 

9 

QH 


I For 
ifiKur- 


1 - 0 8 
1 - 0 734 

0 - 1 1 734 

1- Oj '8 ■ 

- 0 8 
-_oi 734 
1- 0| 734 
1 -li 934 
1- i:_834 
1- li 834 

0- 1 \ 734 

1- ll 83^ 
1 - 2 934 

1- O 8 

0- 1 1 7 

1 - 0 8 
1 - 1 : 834 
I- 2 9 

1 - 0 { 7*4 
1- 0 8 
1- ll 834 

I- 0 8 " 

1- i; 834 


_ 2 
1 - 2 
1 - 0 
1 - 1 
1 - 1 
1 - 2 
1- 3 


9 

k 

9 

10 


3 - 3 , 

3 - 8 ,! 

4- 1 ' 

4 _ 4 !{ Burs marked ♦ should only be used when 
4 _ 8 ! absolutely unavoidable. 

4 -'rri Beduet pin hole when hguring weight. 

4-10 1 
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LOOP RODS 

LOOP RODS 

AMBBICAN BRIDOK COMPANY STANDARD 

; ^ k-2V4 


Pitch and Siiapo of Thread A. Jl. Co. Standard 
Additional Lenoth “A” in Feet and Inches for One Loop 

A--4.17P I 5.S'Jr 


Diam. 

of 




Diameter or Side 

“r’’ of Rod in Inches 




Pin. 












P 

Ti 

Vh 

1 

IVh 

1'.4 

1% 

134 

1-}H 

l«i 

I's 

2 

IH 

0- iVA 

0-10 

0-11 

0-llH 








IH 

0-10 

O-lOA 

0-ll><i 

1- 0 

1- 1 








0-11 

O-llA 

1- OA 

1- 1 

1- 2 

1- 234 






Ih 

1- 0 

1- OA 

1- iA 

1- 2 

1- 3 

1- 

1- 434 

1- 5 

1- 6 



2 

1- 1 

1- VA 

1- 2A 

1- 3 

1- 4 

1- 434 

1- r>34 

1- 6 

1- 7 

1- 734 

1- 834 

2H 

1- 2 

1- 3 

1- 3A 

1- 4A 

1- 5 

1- 534 

1- 634 

1- 7 

1- 8 

1- 8^4 

1- 934 

2H 

1- 3 

1- 4 

1- 4A 

1- 

i- 6 

1- 7 

1- 734 

1- 8* 

1- 9 

1- 934 

1-1034 

2H 

1- 4 

1- 6 

1- 5K 

1- OA 

1- 7 

i‘-« 

1- 834 

,1- 93^2 

1-10 

l-ll 

1-11J4 

3 

1- 5 

1- 6 

1- OA 

1- 

1- 8 

1- 9 

1- 934 

1-1034 

1-11 

2- 0 

2- 034 


1- 6 

1- 7 

1- 7A 

1- HA 

1- 9 

1-10 

1-1034 

1-U,'4 

2- 0 

2- 1 

2- 134 


1- 7A 


1- SA 

1- 9K^ 

I-IO 

1-11 

1-1134 

2- 034 

2- 1 

2- 2 

2- 234 

*3H 

1- SA 

1- 9 

1-10 

1-I0>^a 

1-11 

2- 0 

2- ()3-2 

2- lA 

2- 2 

2- 3 

2- 334 

4 

1- 9A 

1-10 

1-11 

1-113^ 

2- OA 

2- 1 

2- 2 

2- 2H 

2- 3 

2- 4 

2- 434 

♦4^4 


1-11 

2- 0 

2- 03^ 

2- 1>^ 

2- 2 

2- 3 

2- 334 

2- 434 

2- 5 

2- 6 

4H 


2- 0 

2- 1 

2- 13^ 

2 - 2J4 

2- 3 

2- 4 

2- 4«2 

2- 534 

2- 6 

2- 7 

♦43/ 


2- 1 

2- 2 

2- 2A 

2- 334 

2- 4 

2- «> 

2- 53/4 

2- 634 

2- 7 

2 - 8 

6 


2 - 2A 

2- 3 

2- 33-^ 

2- 43^ 

2- 5 

2- 6 

2 - 034 

2- 734 

2- 8 

2 - 9 

*6>i 



2- 4 

2- 5 

2- 53^ 

2- 6 

2- 7 

2- 734 

2- 834 

2- 9 

2-10 




2- 6 

2- « 

2- 634 

2- 734 

2- 8 

2- 9 

2- 934 

2-10 

2-11 

*6% 



2- 0 

2- 7 

2- 734 

2- 834 

2- 9 

2-10 

2-1034 

2-1134 

3- 0 

6 



2- 7 

2- 8 

2- 834 

2- 934 

2-10 

2-11 

2-1134 

3- 034 

3- 1 





2- 9 

2- 934 

2-1034 

2-11 

3- 0 

3- 034 

3- 134 

3- 2 

GH 




2-10 

2-1034 

2-1134 

3- 0 

3- 1 

3- 134 

3- 234 

3- 3 





2-11 

3- 0 

3- 034 

3- 1 

3- 2 

3- 234 

3- 334 

3- 4 

7 




3- 0 

3- 1 

3- 134 

3- 234 

3- 3 

3- 334 

3- 434 

3- 5 


Pinfl marked * are special. Maximum shipping length of “r’=«36 feet. 
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Left Thread 
n. Length 4-7 




Riifht Thread 

rz z) 


Length I 

[, g" j For Turnbucklo 
1 3 " jFor Sleeve Nut 


I 



CARNEGIE STEEL COMPANY 


CLEVISES 

AMERICAN QltlDOB COMPANY STANDARD 

All dimensions In inches 



Grip=lhickn(‘B 3 of plutc + J. 4 " but must not exceed dimension f 



Head 

■■'“■■ "I 

Nut 

! Fork 

1 ... 



, Max. .Min. 

r ' X i y 1 

■ ;Max.|.Min. 

n 1 e 1 u ! u i e 

1 f 1 a i 



p P 

2 ■ 1 -j 1 ' 

2.'4 2',x 3 j 

1 1),;2.'4,1K|1 Idl’d! 

1 i4| 5 1 

4 

0 1 

L' 2 'iU ' 

3 '3 ■\ 

1?, 2J,v l.^s' \}.S^K 

l?i: 0 1 

.4 

01 ! 

’}'h 1 

3;Vr3h; ^ 

\}-> -XH 

2 ' 4 * 7 

f) 


•*i 3:2 

40' u,; (\ 

2}-^;4:'j2^t;2 !5K 

2L| « 

7 

i 3 1 .. 

"h 2?oi 

r>}4\r>U' 7 

3^*!,^» is 

0 

_8 


Clevis Numbeus fok V^auious Rods and TMns 


Rods 

R(tiuui I Square ! Tpset 

'• I 

H Cs 


u 

U 

XH 

1 


XH 

lis 

1 

XH 

XH 

XH 

15 s 

I /-8 


XU 


X}4 

XH 

IH 

XH 

2 

158 


, 2H 

XH 

X}'i 

2H 

1 J-8 

XH 

2% 

2 

XU 

2H 

2K 


2H 


XH 

2U 

234 

2 

2H 


2H 

3 



I’ins 

2 U I 2\-j j 2’f\ f H 


0 

6 


(i 

6 , 

7 ' 

7 

0 


« 1 

f) 1 

0 

7 ' 

7 

(j 

6 

0 1 

(1 1 

1 ^ ’ 

7 

7 

0 

; fi 

i (J 

n 1 

r> ! 

7 

7 



7 

7 

! 7 

7 

7 



: 7 

1 7 

7 

7 

i 7 



1 7 

i 7 

7 

7 

1 7_ 


to left of this line should have forks closed so as not to overstrain pin. 
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Weight. 

Pounds 



TURNBUCKLES AND SLEEVE NUTS 


TURNBUCKLES AND SLEEVE NUTS 

AMEllICAN irniMGK COMPANY STANDARD 

All Dimensions in Indies 


TURNBUCKLES 
.*-d V a d . 


^ iifil'y' 


SLEEVE NUTS 
d w 4'" — d-^ 

’ - ^ : 

r 




b J 


a^"; for tiirnbiu;kU*8 marked *. j ■ 4 « /' i j 

Pitch and shape of thread, A. 11. Co. Standard. ,i Pitch and shape of thread, A. B. ( 0 . ^tand^rd 


Diam. 


Standanl 

)imenBion8 


•SI i 

DiamJ 
of i 


Stm 

Screw 

u 

d 

1 

c 

t 

s 

b 

; 

Screw 

U : 

d I 

1 


I'a 

7N 

i’ll 

1 I'. 

H 

itiil 

1 





y 

7|1, 

H 

N 

N 

IN, 

1 




12 


7N 

N 


/■» 

IN 

1 




t':. 

^7 

7U 

1:1 

I'ii 

N 

1 r (i 

1N| 




H 

1.1 

7K 

11 

i’ll 

li 

1 

in! 




u 

IN 

8N 

111. 

ii 

Js 

2 

2 1 




■ % 

ii^;i 

s% 

VA 


1 

2N 

3 

N 

IN 

7 

i 

IN 

9 

1 Id 

10 . 

1,'4 

2i'(j 

4 1 

1 

IN 

7 

1>8 

1 li 

ON 

Wu 

}2 

l).i 

2,^, 


IN 

li-'i 

7.N 

V/i 

IJs 

9N 

ll’tf 

}-2 

IN 

2N 


IN 

Hi 

73-; 

\% 

2,\, 

ION 

Hi 

H 

IN 

3i'(j 

^ 1 

Us 

2 

8 

l}i 

•XU 

ION 

IN 


m 

3,1, 


IN 

2 

8 

IN 

2/., 

ION 

2 

N 

IJs 

3)^ 

10 1 

IN 

2H 

832 

IN 

2?-'8 

UN 

2N 

N 

2 

3N 

11 

IN 

23 i 

83-2 

IN 

|2t^i 

UN 

2i1i 

1.’. 

2N 

3N 

12 

IN 

2N 

0 

2 I 


12 

2N 

i.\ 

2N 

4N 

14 

2 

2H 

0 

2P8 

3,=l,l 

3N 

12N 

2Nl 

U 

2N 

4N 

17 

2N 

2N 

03^ 

214 

12N 

21i| 

1 3 

2N 

4N 

20 

2N' 

2N 

03 2 

2N 

i 

13N 

2M 

lii 

2N 

4N 

22 

2'N 

3 

10 

2N 

3?i^ 

13N 

3*! 

3? 

3 

5N 

25 

2Ni 

3 

[10 

2N 

4N 

14i,i 

3N 

Iti 

3N 

5N 

33 

2N 

3N 

;ioN 

2H 

di-'o 

14N 

•Wa 

IsV 

3N 

OiV 

31) 

2,N 

3N 11 

3 

4.N 

15 

3N 

1 A 

33ii 

ON 

40 

3 

3nIi1 

3ji 

'LN 

15M 

3N 

liV 

4 

ON 

50 

3N 

3N 

iiN 

3N 

3N 

ION 

4N 

la’s 

4 

7N 

05 

3?a 

4 

12 

3M 

r>N 

17N 

4/5 

Itb 

5 

SH 

05 

3N 

4N 

123/i 

4 

6 

18 

4N 

li’« 

5 

8N 

108 

4 

4N 

13 

*4N 

ON 

21N 

4N 

IN 

334 

ON 

140 

4N 

4N 

ULN 

*4Vli 

ON 

22N 

6N 

IN 

Ojli 

ION 

195 

4N 

5 

14 

*4N 

7N 

'23N 

5N 

2 

6N 

iiN 

205 




♦5 

7N 

24 

6 

2N 

: ON 

iiN 

250 





Stintlanl Dimensions 


t 


xk| 

n-A 

m\ 

IH\ 

u«: 

ijJ 

2yA\ 

‘2y 

2 ?^ 

2H\ 

25 

27 

33--ij 

3K 

3?^ 

3 ^' 8 | 

3 : 

4^1 

49 ^' 8 | 

4 !i, 


:i 
4 

1 It ; ^ 

1 ^; « 
10 

h' 11 

1 ".. ; M 

•i'h 1 S 

K! 18 
jH'io 

L\, 2 :i 

?4 37 

5 i' 28 

33 
40 
47 
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CARNEQIE STEEL COMPANY 


RECESSED PIN NUTS 


AMERICAN BRIDGE COMPANY STANDARD 

All Dimonsioiis in Inches 



To obtain distance between shoulders, add amount given in table to grip. 





■ 

Pin 


Nut 

Diameter of 

Pm, 

Thread 

Add 


Diameter 

& 

Il 

•A-* m 
^*T3 

Pattern 





b 

to 

Grip 

t 

n 

m 

c 

Q 

s 

II 

'S 3 

No. 

— 

2, 

2 ‘4 

134 

1 

H 


2U 

3?4 

2K 
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DImnnsiona In Inches 



General Formulas for Proportions of Rivets, in Inches 
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Wpjioht in Pounds peu 100 Rivets with Button Heads 
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CARNEGIE STEEL COMPANY 


AMERICAN BRIDGE COMPANY 


SPECIFICATIONS 

Fon 

STEEL STRU(rrUIlES 


Design, Details op Construction and Workmanship 
Adopted 1912 


DESIGN 

1. Loads. The ateol frame of all Ktructures shall be designed 
so as to safely support the dead and live loads. Tlu^ dead load shall 
consist of the weight of all permanent construction and fixture's, 
such as walls, floors, roofs, interior partitions, and fixed or permanent 
appliances. The live load shall consist of movable loads on floors, 
loads due to machinery or other appliances, and the exterior loads 
due to snow on the roof and to wind. 

2. For structures carrying traveding machinery, such as cranes, 
conveyors, etc., 25 per cent shall be added to the stresses resulting 
from such live load, to provide for the effect of impact find 
vibrations. 

3. The wind pressure shall be assumed acting horizontally in 
any direction as follows: — 

First: For finished structures — A pressure of 20 pounds per 
square foot on the sides and ends of buildings and on the vertical 
projection of roof surfaces, or 

Second: In process of construction— A pressure of 30 pounds 
per square foot on vertical surfaces and the vertical projection of 
inclined, surfaces of all exposed metal or other frame work. 
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COINSTRUUTIUIN 1 IUIN5 


4. Unit Stresses. All parts of structures shall be proportioned 
so that the sum of the dead and live loads, together with the 
impact, if any, shall not cause the stresses to exceed the following 


amounts in pounds per square inch: 

Tension, net section, rolled steel l«00() 

Direct compression, rolh'd steel and steel castings IKOOO 

Bending, on extreme fibers of rolled shapes, 

built srf'ctions, girders, and steel eastings leooo 

Bending on extreme fibers of pins 24{)00 

Shear on shop rivets and pins 12000 

Sliear on bolts and field rivets 10(X)0 

Shear — average — on W(‘bs of plate girders and 

rolled beams, gross section loooo 

Bearing pressure on shop rivets and pins 2t0()() 

Bearing on bolts and field rivets 2 OOOO 

Privssurc per linear inch on expansion rollers shall not exceed 
600 times the diameter of rollers in inches. 

Axial compression of gross sections of columns, for 

ratio of l/r up to 120 loooo -ioo/ r 

with a maximum of 13000 

’^here /—effective length of member in inches, 


r— corresponding radius of gyration of section in inches. 


For ratios of l/r up to 120, and for greater ratios ui) to 200, use 
the amounts given in the following table. For intermediate ratios, 
use proportional amounts. 


Ratio 


(iO 

70 

80 

00 

100 

no 

120 


Amount 


13000 

12000 

11000 

10000 

9000 

8000 

7000 


Ratio 


130 

140 

ir>() 

1 «() 

170 

180 

100 


Amount 


6500 

6000 

5500 

5000 

4500 

4000 

3500 


5. For bracing and combined stresses due to wind and other 
loading, the permissible working stresses may be increased 25 per 
cent — provided the section thus found is not less than that required 
by the dead and live loads alone. 
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VnOPOIlTION OF PAItTfl 

6. General. Tho otTcclive or unsupported length of main 
compression members sluill not exceed 120 limes, and for secondary 
members 200 times, the least radius of gyration. 

7. In proportioning colurnn.s, provision must be made for 
eccentric loading. 

8. In proportioning tension members, net section jnust be used. 
Rivet holes d(‘(liicted must be taken inch larger tlnin the nominal 
8iz(‘ of rivets. 

9. Meml)ers subject to the action of both axial and bending 
stresses sliall be proj>orlione<l so that the great('st fiber stress will 
not exce(‘(l the allowed limits in that member. 

10. M(‘mbcrs subject to alt(‘rnate stresses of tension and 
compression sliall be proportioned for the stress giving the largest 
section, but their connections shall be proportioiu'd for the sum of 
the stresses. 

11, Girders. Rolled beams and channels, and built-up members 
used as beams and girders shall be proportioinal by the moment 
of inertia of their gross sections. 

12, Plate girdcB welis shall have a thickness not less than Vir.o 
of the unsuiiported distaiUM* between flange angles. The webs 
shall have stiffeners, generally in pairs, ov<‘r bearings, at points of 
concentrated loading, and at other points whcTii the thickness of 
the web is le.ss than Mio of the unsupiiorted distance betweam 
flange angles, generally not fart her .apart than t,he depth of tlie web 
plate, with a maximum limit of (> b'ot. 

13. The lateral unsupported length of beams and gird(Ts shall 
not exceed 40 times the wi<lth <»f tin* com})res.sion flange. When the 
unsupported h’ligth (/) excee(l.s 10 times tin* width (h) of the 
compression flange*, the stn'ss per square inch in the compression 
flange shall not exceeid inooo — ;loo I, h. 


DETAILS OF STEEL CONSTRUCTION 

14. General. Adjustable members in any t)artof structures shall 
preferably be avoidcal. 

15. Sections shall preferably be made symmetrical. 

16. No connection, except hit tice bars, shall have less than two rivets. 
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CONSTRUCTION SPECIFICATIONS 

17. Trusses shiill preferably be riveted structures. Heavy 
trusses of long span, where the riveb'd field connections would 
become unwieldy, or for other good reasons, may be designed as 
pin-connect(*d structures. 

18. Abutting joint in compression members faced for bearing 
shall be spliced sufficiently to hold the connecting men\bers accu- 
rately in place. All other joints in riveted work, whether in tension 
or compression, shall be fully spliced. 

10. Lateral, longitudinal and transverse bracing in all structures 
shall preferably b(' compos(‘d of rigid members, and shall ])e designed 
to !)(' suffici(mt to withstand wind and other lateral forces when 
building is in process of erection as well as after coinplelion. 

20. Girders. When two or more rolled beams are used to form a 
girder, they shall b(' eonn(‘ct(‘d by bolts and separators at intt'rvals 
of not more than 5 feet. All beams having a depth of 12 inches and 
more shall have at least two bolts to each separator. 

21. The flange plates of all girders shall be limited in width, so 
as not to extend more than 6 inches beyond the outer line of rivt'ts 
connecting them to the angles, or 8 times the thickness of tlie 
thinnest plate. 

22. W<'b stifTeners shall be in pairs, and shall h^ve a close bearing 
against the fl.ange angles. Thos(^ over the end bearing or forming 
the connection b('tW(‘on girder and column sliull be on fillers. 
Intermediate stiffemers may be on fillers or crimp('d over the flange 
angles. 

23. Web ‘plates of girders must be spliced at all points by a 
plate on (‘ach side of the web, capable of transmitting the full stress 
through splice rivet.s. 

24. Riveting. The minimum distance between centers of rivet 
holes shall be three diameters of the rivet; but the distance shall 
preferably be not less than 3 inches for >^-incli rivets, 23^2 inches 
for ^.j-inch rivets, 2 inches for 5-^-inch rivets, and inches for 
J^-inch rivets. The maximum pitch in the line of the stress for 
members compo.sed of plates and shapes will be fi inches for Jg-inch 
rivets, 6 inches for ^ 4 -inch riv<'ts, 43^ inches for ^s-ineli rivets and 
4 inches for 3^-inch rivets. 

25. For angles in built sections with two gage lines, with rivets 
stagg(‘r('d, the maximum pitch in eacli line shall be twice as great 
as given above. W'here two or more plates are in contact, rivets 
not more than 12 inches apart in either direction shall be used to 
hold the plates togc^ther. 
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26. The minimum distance from the center of any rivet hole 
to a sheared edge shall be l}4 inches for J^-inch rivets, 1}4 inches 
for ^-inch rivets, 1 inches for ^-inch rivets, and 1 inch for 
: J^-inch rivets; and to a rolled edge, IHt h and % inches, 

respectively. 

27. The maximum distance from any edge shall be eight times 
the thickness of the plate. 

28. The pitch of rivets at theends of built compression members 
shall not exceed four diameters of the rivets for a length equal to 
one and one-half times the maximum width of the member. 

29. Latticing. The open sides of compression members shall be 
provided with lattice bars, having tie plates at each end and at 
intermediate points where the lattice is interrupted. The tie 
plates shall be as near the ends as practicable. In main members 
carrying calculated stresses, the end tie plates shall have a length 
not less than the distance between tin? lines of rivets connecting 
them to the flanges, and intermediate ones not 1(*rs than half 
this distance. Their thickness shall not be less than Voo of the 
same distance. 

30. The latticing of compression members shall be proportioned 
to resist a shearing stress equal to 2 per cent of the direct stress, 
'riie minimum thickness of lattice bars shall be for single lattice, 
i/4oj and for double lattice, M>o of the distance between the end 
rivets. Their minimum width shall be as follows: 

« 

For 15-in(di channels, or 

built sections with ZH and 4-inch angles, 2}^ inches ( J^-inch rivets). 

For 12-10-and 9-inch channels, or 
built section.® with 3-inch angles 2^ inches (%-inch rivets). 

For 8-and 7-inch channels, or 

built sections with 23 ^-inch angles 2 inches (^-inch rivets). 

For 6-and 5-inch channels, or 

built sections with 2-inch angles 1^ inches ()^-inch rivets). 

31. The inclination of lattice bars with the axis of the member 
shall generally bo not less than 45 degrees. When the distance 
between the rivet lines in the flanges is more than 15 inches, if a 
single rivet bar is used, the lattice shall be double. 

32. The pitch of lattice connections, along the flange, divided 
by the least radius of gyration of the member between connections, 
shall be less than the corresponding ratio of the member as a whole. 
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CONSTRUCTION SPECIFICATIONS 

33. Pina. Pin holes shall be reinforced by plates where necessary. 
At least one plate shall be as wide as the projecting flanges will 
allow; where angles are used, this plate shall be on the same side as 
the angles. The plates shall contain sufficient rivets to distribute 
their portion of the pin pressure to the full cross section of the 
member. 

34. Pins shall be long enough to insure a full bearing of all parts 
connected up«pi the turned-down body of the pin. Members 
packed on pins shall be held against lateral movement. 


WORKMANSHIP 

35. General. The workmanship shall be equal to the best 
practice in modern structural works. Shearing shall be done 
accurately, and all portions of the work exposed to view’ shall be 
n(‘atly finished. 

36. Punching. The diameter of the punch shall not be more 
than ViB inch, nor that of the <lie more than ineli, larger than 
the diameter of the rivet. Punching shall be done accurately, but 
an occasional slight inaccuracy in the matching of holes may be 
corrected with reamer. Drifting to enlarge unfair holes will not 
b(^ allowed. 

37. Riveting. The size of rivets shall be as called for on the 
plana. Rivets shall be driven by pressure tools wherever possible. 
Pneumatic hammers shall be used in prefercuice to hand driving. 
Rivets shall look mjat and finished, with heads of approved ahap(‘, 
full and of equal size. They shall be centered on the shank and 
shall grip the assembled pieces firmly. 

38. AsBcmbling. Riveted members shall have all parts w('ll 
pinned up and firmly drawn together with bolts before riveting 
is commenced. Contact surfaces shall be painted. Abutting 
joints shall be cut or dressed true and straight and fitted closely 
together. In compression joints depending on contact bearing, the 
surfaces shall be truly faced, so as to have even bf'aring after they 
are riveted up complete and when perfectly aligned. The several 
pieces forming one built member shall be straight and shall fit 
closely together, and finished members shall be free from twists, 
bends or open joints. 
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39. Eye Bars. Eyc bars shall be straight and true to size, and 
: shall be free from twists, folds in the neck or head, or any other 
: defect. Heads shall be made by upsetting, rolling or forging. 

Welding will not be allowed. Before boring, each eye bar shall be 
perfectly annealed and carefully straightened. Pin liolcs shall be 
in the center line of bars and in the center of heads. Bars of the 
same length shall be bored so accurately that, when placed 
togetlu'r, pins inch smalhT in diameter than the ])in holes can 
be passed through the holes at both ends of the bass at the same 
tinu'. 

40. Pina. Pins and rollers shall be turned accurately to gages, 
and shall be straight., smooth and entirely fr<‘e from (laws. Pin hoh;s 
shall be bored true to gages, smooth ami straight, at right angles 
to the axis of the member and f)arallel to each other, unless other- 
wise called for. Whc'rever possiI)l(*, the boring shall be done after 
the meml)er is riveted up. The distanc(‘ fron» center to center of 
pin holes shall be correct within ik* inch, and th<‘ ditirneter of the 
hole not more than Vgo inch larger than that of the pin for j)in8 
up to f) inclu's diameter, and inch for larger i)ins. 

41. Bed Plates. Expansion Inal plat(‘s shall be j)!aned true and 
smooth. The cut of the planing tool shall corresi)ond with the 
direction of exi)a{.ision. 

42. Annealing. Steel, except in minor di'tails, which has been 
partially heated, shall be properly anneale<l. Welds in steel will 
not be allowed. All steel eastings sluill be anmaded. 

43. Painting. Stei'l work, befon* leaving the shop, shall be 
thoroughly eleam-d and given one good coating of such paint as 
may be calle(l for, well worke<l into all joints and open spaces. 

44. In riv(’ted work, the surfaces coming in contact shall bo 
painted before being rivet’d logetlu'i', 

45. Machine-finished bearing surfaet's coming in contact with 
, similar surfaces should b(? coated with white lead and tallow before 
; shipment. 

46. Inspection. The manufacturer shall furnish all facilities for 
inspecting and testing tin? weight, quality of material and work- 

: manship. He shall furnish a suitable Basting machine for testing 
the specimens, as well as prepare the pieces for the machine free of 
■ charge. 

47. He shall give the inspector for the purchaser free access 
j to all parts of the works where the material under inspection is 

manufactured. 
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Elements of sections 

Definitions 

In the computations of structural designing, certain mathernatica 
expressions are used to designate the values of structural shapes ir 
the various conditions under which they are sul)jccted to stress 
In the pages which iminedialely follow, these values, usually callec 
prop('rties, arc given in Unitetl States nieasurermuits for shapei 
common in sti*tictural designs, and are defined as follows: — 

A—Area of Section, expressed in square inches. 

r— Radius of Gyration. The distance in inches from the center o; 
moments of a s('ctioii to the {mint or line at which its area is coiisid 
ered concentrated. The radius of gyration of a section referrec 
to any axis is always the scjuare root of the moment of inertie 
of the section referred to that axis divided by the area. 

I— Moment of Inertia. The Humiliation, expressed in inches to tht 
fourth power, of the products of the elementary areas of a seetioi 
by the squares of their distances from its center of gravity oi 
other axis assumed for |)ur{)oscs of computation. 

S-Section Modulus. The moment of inertia divided by the distance 
(n) from the axis of moments to the extreme fiber. In an unsyin- 
inetrical section there arc two s(mtion moduli* for each axis of 
moments, the least of which determines the safe unit stress. 

Neutral Axis. Axis of iMomcnts through center of area. 

X and y, Tlio distance or distanc(!S in an uiisymmctrical section 
from the bat;!^ or working line of t he section to the center of gravity 
of the section. 

The section modulus is used to detiirrninc the stress in the extreme 
fiber of a shape subject to bending by <lividing the bending moment 
by the section modulus, both ex{)resscd in like units of measurement. 
It is also used vice versa in the seh'clion from a table of shapes of 
the i)ropcr section required to su])|)ort a load by dividing the bend- 
ing stress by the allowable fiber stress, both in like units of weight. 

The radius of gyration is used to ascertain the safe load any 
section or shape will sustain when used in comjiression as a strut 
or column. 'Fhe unbraced length of the sctition divided by the 
radius of gyration is denominated the ratio of slenderness. 

The elements of steel sections are based upon tho theoretical 
dimensions given in the pages which precede. No account has been 
taken of fillets or rounded corners, neither have any approximations 
entered into any of the calculations. 
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SQUARE A = d* 

Axis of moments through center d 



SQUARE A = di 

Axis of moments on base x = d 



HOLi.OW SQUARE A = d^-<ii2 

Axis of moments through center ^ _ jL, 



HOLLOW SQUARE A = d-'-di>» 

Axis of moments on diagonal 

* = yl-r 
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RECTANGLE 

Axis of momenta throuKh center 


A = bd 
(1 




'I 

* 

2 

X 


-4i 

ii-i = 

Si-i = 

bd« 

12 

bd2 

6 

L- 


.j 


d 


b- 


n-i 

V12 


RECTANGLE 

Axis of moments on base 




d 

L.Jl 


RECTANCJLE 
Axis of moments on diagonal 



Si-i - 
n-i 


ii-i = 

s,.i = 


bd 

d 

b(i-« 

3 

bda 

3 

d 

^ 0.577350(1 


bd 


Vb-'-|d2 
b« d« 

6 (b2+d2) 
b2d2 , 
<^*Vb2+d2 
bd 

V « (b2+(l2)“ 


RECTANGLE 
Axis of moments any line 
through center of gravity 


A = bd 



b gla q + d cos a 
2 

bd (b2 8in2 g 4- d-’ cos2 g) 
12 

bd (b2 81112 a 4- (ja cqs 2 g) 
r» (b sin a 4 d cos a) 


V b2 sln2 a + d2 cos2 a 




Axis of moments through center 

t 

Id 


;bi 

di 


Ii-i - 
Si-i = 

r.-. 


bd- bi di 

i-L 

2 

bd8-bi di" 
12 

bd»-bt dt» 


bd»-bi di» 
(bd-bi di) 
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TRIANGLE 

Axia of moments through 
center of gravity 



Ii-i= 

Si.,= 




bd 

2 

2 d 

3 

bd8 

36 

bda 

24 

Vis 


= 0 . 235702 d 


TRIANGLE 

Axis of momenta on base 



Axis of momenta through 
center of gravity 

r - 


ii-i = 

Si-i= 

ri-,- 

A 


bd 

2 

d 

bda 

12 

bda 

12 

d 

>r« 


= = 0 . 408248 d 


_ d(b t b|) 
~ 2 
_ d( bi + 2 b) 
3 (b f bi) 


d(b + 2 bi) 

3(b + b,) 



Ii-i = 
Si.i = 
r,-i = 


da (b^ f 4 bbi I b|g) 
30 (b i bi) 
da (ba -I 4 bbt -I bi-) 
12 (bi I 2 b) 


TRAPEZOID 
Axis of moments on base 
- b,^ 


A = 


6 ( b +b i) 
d (b bi) 


V 2 (b 2 f 4 bbi bia) 


= d 



da (b H- 3 b i) 
12 

da (b + 3 bi) 
12 
d 


Vo VbV^ 


REGULAR POLYGON 

Axia of momenta through 
center 



Number of Sides 

naa cot<f>—} 4 n Ra sin 2 «| 


= nR]a tan<^ 


= R=-:; 


2 sin 0 


Xl - Rl : 


' 2 tan 0 


III 

S,H 

fl-i: 


A (6 R2-aa) , A (12 Ri2 -f a*) 
24 = 3g 


24 R 




Ra-aa _ 
-2i 


48 Ri 

\l 12 Rt3 + aa 

yj _g 
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CIRCLE 
Axis of moments 
through center 



A = 

X = 


Ii-i- 


Si-i- 

ri.i= 



2 


0.049087 d* 


TT d.** 

= o.oosrn d» 

d_ 

4 


« __ ’f (d‘-di-) 

HOL1.0W CIRCLK ^ 4 


(da--dr-*) 


Axis of moments 
throuKh center 



IT fd'*-'di'*) 

Il-l-- ^ ^0.049087 (d^-di^) 

„ 7r(d<^,») (d‘-d,^) 

Si-i- 325 ^0.0981/5 

^ _ V d2 -I- di2 

ri-i - 2 


HALF CntCLE A 

Axis of moments throusfh 

center of grravity x — 




Ii-j- 
Si-i = 


~ 0.392«99 d2 


d(3 tt-A) 
Ott 


^0.2S7793d. 


X| 


2d 

---^^-^0.2122071 


dK9 7r2-C>4) 
1152 IT 
d'HO 7r2-()4) 
192 C3ir-4) 
d ”-2-04) 
127r 


= 0.00»)S(J0 d' 


--- 0.0238;}<i d-' 


= 0.1321(),S d 


HOLLOW A - 

HALF CIIU’LK 


Axis of moments through x -- 
center of gravity 



- 0..392li99 (d2-d,3) 


2 (d«-di») 3 7rd (d2-di2)-4 (d»-di» 

3 TT Cd2-d,-*) - 0 tt (d2-d,2) 

9 7r2 (d4-dit) (d2-<ii2)-<>4 (d'>-tiiH)a 
1152 TT (d2-<ll 2) 

if X > Xi Si-1= if Xi > X 


1 

12 TT 




(d*-d,«) 


(d3-d,3)-»')4 (d«-d,«)! 
(d3-<i,3)3 


ELidrsE 

Axis of moments 
through center 



—dr--' 


A ^ U^L. == 0.785398 ddi 
d 

X - — 

T - = 0.049087 d» di 

Il-l— 04 

Si-,= ^ 0.098175 da di 

d 

ri-i= x* 
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2 BEAM 
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-x-V- 


ELEMENTS OF SECTIONS 



equal angle 


A = t (b+c) 
V _ ba+ct 
* 157b+c) 


a 450 

Ii-I = t(b-x)-H hx8-a (x-t)« 


T..-.. — lt-'‘^-c'‘t4-3ct('b-4x f-2t)a+t^ f6t2(2x-tV 

132 


I4-1 




r yH 


iv 




r t 



(1 

\ ' 

. a 


j 

r-: I..J 


-i 

\ ■■ -T ; 

' + 


L ev ’’a 


UNP 3 QUAL ANGLE 

A -= 

X = 


Tail 2a 
fi-i 
I-j-j 
la-:i - 


t(b4 2c) I (*2 

t(2a+il)+a2 
liCa t d) 

tK2.v-tkK<l -3x1 t a(2x -00)^ t- 2v)l 

2a,-t-nT) 

l((l-x)'‘ M)x«-arx-t)-‘ 

- ^ , 


((h-v)a-i-il.v« cCy-O^ 


cos 2a 
Ji-icos2a |^.■o .sit|2a 
cos 2a 



TEE 


A - ■ I nU. I a(iii+n) 

X — I 2a(ni-n) (m4 2n)+3tii2-(>(t-u) (3d-t 


e«(3ii+t) t-4bin»-2a(in-n)-< . . 

A(x-m)2 


nb*’ + (in— n)t'* 4 cu-* 

IT 

I a(m-u)[2a-|j-f2a-f3t)a; 


^ eft-u)[(t-u)2+2(t 42u)2] 
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COMPOUND SECTIONS 

Moments of Inertia, Section Moduli, and Radii of Gtration 
The moment of inertia of a compound section about i ts neutral axis is equal to the sum of 
the moment of inertia, I, of the component parts alwut axes through their own centers of gravity, 
plus the areas A, of the component parts multiplied by the squares of the distances d, of their 
own centers of gravity from the neutral axis of the compound section, or 

Moment of Inertia U = I f Ad^ 


Section Modulus 


* ^ w Radius of Gyration^ r* = 

"* ' 5? ^ Example 1. Required the momenta of inertia and the 

I I section moduli about axes 1-1 and 2-2 of a compound 

t i y--- *- . section to be used as a girder, compostxl of 

^ , I : 1 1 Web riatc 33"x'^" 

1.75 j , o3 e3 4 Flange Angles 0"x4"x5^" 

■I'*' 3 w 2 Flange Plates 14"x?4" 

i ; K i S basing the properties on the gross area of the section. 

' - I ■ Determine the dlsUmoes, of the center lines of gravity of 

, C— 1 plates and angles, from the neutral axes of the compound 

2 p'SJs'- section, from the dimensions given, then for 

AXIS 1-1 Ii-i of 4-6"x4"x'',^" Angles - 4 x 7.52 := 30.08 Inches'* 

Ada of 4 -G"x4"x? 8" “ 4 x 5.86x15. 72a _ 5792.46 

It-, of Plate 1 X 


, / t no// I . // i« . / 0..50x 33 a 

It-I of 1-33 x,'i! Plate 1 x jfg 

r r o 1//. , // .. 14x0.75a 

Ji-i of 2-14 xi’4 -- 2x — — jp2 

Ada of 2-14"xa4 " •• 2 x ll)..50 x 17.125a 

• Moment of Inertia, gross section 
Section Modulus, “ ““ ■ 

AXIS 2-2 In-j of 4-6 "x4"x 5^^8" Angles -- 4 x 21,07 
Ada of 4-0"x4"x«^^g" ^ 4 x r).,86x2.2Ka 

r t . no// w// 1.1 . 1 33x0.50a 

la-a of l-33"x)ii" Plate = 1 x 

In.n uf 2-14"x?.i" '• 2 X 


61 58.58 '* 

13479.48 Inches < 
770.20 Inches » 

84.28 Inches *> 
121.85 “ 


In.n uf 2-14"x?.i" '• 2 X 

Moment of Inertia, gross section 
Section Modulus, “ " = 


If it is desired to caleuIaU^ the properties of the net section, viz., to deduct the area of the rivet i 
holes, procee»l as follows, assuming that J hoh'S for rivets arc to be dedurtwl and that not more 
than one rivet will be driven in any one leg of the angles in the 8.ime plane of the seelion. 

AXIS 1-1 1 1,1 of gross section — 1 3479.48 Inches •* 

Deduct I^.i of4-0.875"xl,37.5"l{(!ctangle8 4 x - — 0.76 “ 

'* Adaof4-0.S75"xl.37.5" " --4 x 1.203x16.812.53-^- 1360.16 " ' 

** I,. 1 of 2-0.87.5 "xl. 7.5" " 2 x 0.20 “ i 

“ Ad2of2-0.875"xl.75" “ - 2x 1 -.531x1 4.253 = 621.77 “ ' 

Moment of Inertia, net section 11496.69 Inches “* 

Section MotJiilus, ‘ " — “ 656.95 Inches * i 

AXIS 2-2 la-e of gross section = 549.47 Inches * j 

Deduct Ia-aof4-0.875"xl..375"Rectangle8^ x ^ - o.31 “ ; 

•• Ad2of4-0.87r/'xl.375" " =4 x 1.203x3.753 = 67.67 | 

" la-a of 24).875"x 1.7.5" “ = 0.78 " ! 

480.71 Inches « 
68.67 Inches » 


Moment of Inertia, net section 
Section Modulus, " " 
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C OM POUND H KCT I ON S— Concluded 


2|„ 

r 14--0. 




^ 1 - 

o.fiia" 

...L 


[s" ; 

i . 

— i_... l_ 




Example 2. Ilniuircd the monipnts of inertia and radii of 
Kyraliun alxtiit axes 1-1 and 2-2 of a column section composed 
as follows : — 

2 (’lianiicls 12"x:}l) i»oiin<is per foot, 

2 Flange FlateM 

properties to l)e haaiMl on tlic gross section, no deduction 
Iwing iiumIc for holes. 

Determine the ilistauceH, «1, of center liiu*8 of gravity for 
the various .wetions fn)m the tieutral axes 1-1 and 2-2, in 
acconlanee with the dimensions given, then for 


AXIS 1-1 


AXIS 2-2 


1( t of 2-l2''('hannels:iOlbs. = 
li I of 2 -I 1 "x;* 4 " riates -- 
Ad-’ o f 2-14^^=« .| '^ ■■ 

Moment of inertia, gross section 

Kadius of (1\ ration, ” “ -- 

le-e of 2-12” t hanncls 3011)8. 
Ad- of 2-12” Channels 3011)8. ^ 
of 2-I4”xi*4” Plates 


2x 101 .05 =- 

9r H X 0.75=« _ 

“ * 12 
2 X 10,5 X 6.3r.V^ ^ 


2 X 
2 X 

2x 


1177,73 ~ 
38.04 

5.22 

8.82 x 4.104J - 
0.75 X 1 4-» 


323.30 Inches 
0.98 “ 

853.45 

1177.73 lnclH»* 
5.52 Inches 

10, 14 Inch<» * 
305.86 

343.0 ” 


Moment of Inertia, gross s('c(iou 
Radius of Gyration. “ '* 


\ I 65!i.3(i • 

\ 38.04 


659.30 Inches-* 
4.13 Inches 



Example 3. Required the radii of gyration a)>out axes 1-1 
and 2-2 of a strut .section eomposwl a.s follows: — 

4-0”x4”x Angles latticed by l)ar8, 
protwrties to tsi b:i.sc<l on tlic gross sevlion of angles, no deiluo- 
tioiiH being nuule for rivet holes nor any allowance for lattice bars. 


Dctcrininc the distanoe.s, d, of center lines of gravity of angles 
from neutral axes 1-1 and 2-2 in acconlanee with the dimensions 
given, then for 

AXIS 1-1 Ij i of 1-6" x4”x\s” Angles- 4x4.90 ~ 19.60 Inches* 

Ad‘J of 4-6”x4”x:*s” '■ - 4 x 3.61 X 5.06a 369.72 

Moment of Incrti.'i. gross section 389.32 Inches* 

A / ^9732 

Radius of Gyration, “ “ ' \ ’f 4"44 ” Inches 



AXIS 2-2 From tables of radii of gyration for 2 angles placed Iwck to back, 
page 196, rs-g of 4-6”’x4”x?8" angles— -2.87 Inches. 

Where sections are assembled without any web or flange plates, as, for example, lattieed 
channel columns or latticwl angle stmts, the radius of gyration, n can be readily obtained, 
without considering the moment of inertia, from the nidius of gyration, r of one ^*elion alx)ut 
the neutral axis, and the distance, <1, l)elwccn the center of gravity of the section and the 
neutral axis parallel to the axis of section. 

\/T + Ad-" I ... , 

ri — \ — — , where -j — r‘J, and rj = ^ ra+d® 

Thus, in the above example, 

r,.i= 5.062+1.172 = 5.19 Inches 
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ELEMENTS OF STRUCTURAL BEAMS 




Dcptli 

Weiglit 1 Widtli 

per c rt of 

lion 1 

i Thick- 

V.xifll-1 



-Axis 2- 

2 

Section 

Index 

of 

Beam 

1 lUfis of ' 

Web : j 

r 

S 

I 

r 

8 


In. 

Llxs. In.- i In. 

, In. In.' 

III. 

In.=» 

In.' 

In. 

In,'' 

B (U 

27 

90.0 ,2(>.3;4| 9.(M)0 

I 0.524 : 295S.3 

10.00 

219.1 


1 .09 

10.7 



1 1 .">.0 hv.i.\)s\ s.ooo 

i 0.7.50 j 29.55.5 

9.33 

240.3 

83.2 

1.57 

20.8 

B 24 

24 

1 lO.O 32.4S' 7.93s 

! O.OSS 2.SS3.5 

9.42 

240.3 

81.0 

1..58 

20.4 



lOG.O 30.9S: 7.S77> 

I 0.025 I 2S11.5 

9.53 

234.3 

78.9 

1 .00 

20.0 



100.0 '29.41' 7.2.>1 

1 0.7.5 4 ' 2379.0 

9.00 

I9S.3 

18.0 

1.2s 

13.4 



9;‘).0 27.91! 7.193 

I 0.(;93 2309.0 

9.09 

192. 1 

47.1 

1,.30 

13.1 

B 1 

24 

90.0 .20.47 7.131 

0.r.3l i 22.3S.4 

9.20 

1.80., 5 

45.7 

1.31 

I2.S 



S.'j.O 2'). 00 7.070 

, 0..570 . 2107..S 

9.31 

180.7 

44.4 

1.33 

12.0 



SO.O 23.321 “-<>00 

; 0.500 2087.2 

9.40 

173.9 

•12.9 

1 .30 

12.3 

B (52 

24 

71.0 •21.70' 9.000 

0.470 19.50.1 

9.4S 

102.5 

01.2 

1.08 

13.(i 

B <5;i 

21 

00.5 jl7.0K; .S.2r,0 

, 0.42S : 1235.5 

S.3«) 

117.7 

13.5 

1 .57 

10.0 



100.0 .’29. 11' 7.2S4 

O.SSl 10.55.0 

7.. 50 

105.0 

52.7 

1.3 4 

14.5 



95.0 27.9 4' 7.210 

O.SIO , 1000.0 

7..5S 

100,7 

.50.8 

1,3.5 

14.1 

B 2 

20 

90.0 20.47:7.137 

' o.7:{7 ' 1.5.57.0 

7.07 

1.55.8 

19.0 

1.30 

13.7 



S.5.0 25.00 7.0<53 

0.003 1 1. 508.5 

7.77 

1.50.9 

■f/.3 

1.37 

13.4 



SO.O 23.73; 7.000 

0.000 ; 1 100.3, 

7.S0 

140.0 

45.8 

1.39 

13.1 



75.0 22.00. 0.399 

0.049 120S.S 

7..5S 

120.9 ! 

30.3 

1 1.17 

9.5 

B 3 

20 

70.0 20..59 r,.32.> 

0.575 I219.S 

7.70 

122.0 

29.0 

' 1. 19 i 

9.2 



. 05.0 19.0S 0.2.:)0 

0.500 1 109.5 

7.83 

1 17.0 

27.9 

1-21 : 

8.9 



90.0 20.47! 7.245 

0.S07 1200.4 

0.90 

' 1 10.0 

.52.0 

' 1.40 ; 

1 1.4 

B SI 

IS ; 

S5.0 25.00 7.10.; 

0.725 1220.7 

0.99 

; 135.0' 

.50.0 

; 1.42 

11.0 

: SO.O 23. .53; 7.0S2 

0.04 4 IISI.O 

7.09 

; 131.2 ; 

48. 1 

i 1.43 

13.(> 



75.0 ■22.05! 7.000 

,0.502 1141.3 

7.19 

120.8! 

40.2 

1.45 : 

13.2 



70.0 2O..59! 0.2,59 

0.719 921.2 

0.09 

; 102. 1 : 

24.0 

1.09 

7.9 

B SO ! 

IS 

1 (;5.0 19.12:0. 177 

(».ri37 .SSI. 5 

0.79 I 

97.9 

23.5 

! I.1 1 ! 

7.0 

00.0 17.0.5,0.095 

{0.55.5 Sll.S 

0.91 

93.5 ; 

22 4 

1 . 1 .3 1 

7.3 



55.0 '1.5.93: 0.000 

'O.KiO. 795.0 

' 7.07 1 

88.4 

21.2 

1.15 

7.1 

B 04 i 

IS 

4S.0 |l4.0.s| 7..500 

0.3.S0| 7.37.1 

7.23 

81.9 

30.0 

1.40 

8.0 



75.0 22.00! 0.292 

'0..SS2; (;91.2 

5.(i0 

92.2 1 
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7.20 

3.000:0.6(K) 

48.0 

2.61 

14.0 

7.0 

1 .05 

3.1 

1.04 



2;{.3 

0.85 

3..55()|0.550 

47.5 

2.03 

13.6 

T.T) 

1.05 

3.0 

1 .04 

C 120 

7 

22.1 

0.50 

3.500|0.50() 

46.0 

2.06 

13.2 

7.1 

1.05 

2.0 

1 .05 



20.0 

0.15 
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41.6 

2.60 

12.7 

0.7 

1 .05 

2.8 

1 .05 



19.7 

5.80 

3.4000.400 

43.2 

2.73 

12.3 

6.3 

1.05 

2.7 

1.07 



21.0 

6.43 

3.57.5I0.575 

42.0 

2.57 

12.2 

6.5 

1.01 

2.5 

0,94 



18.6 

5.46 

3.4380.438 

38.7 

2.06 

11.0 

.5.7 

1 ,02 

2.3 

0.06 

C 121 

< 


4.8.5 

3.3.50;().350 

36.2 

2.73 

10.3 

5.1 

1 .0.3 

2.2 

0.00 



15.6 

4.50 

3.3130.313 

35.1 

2.77 

10.0 

4.8 

1.03 

2.1 

1.01 



21.5 

6.33 

3.68.-)0.535 

33.3 

2.29 

11. 1 

7.8 

1.11 

3.1 

1.16 
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0 

19.0 

5.58 

3.560,0.410 

31.1 

2.30 

10.4 

0.8 

1.10 j 

2.0 

1.18 

r 100 

0 

15.0 

4.40 

3.500j0.350 

25.0 

2.37 

8.3 

5.2 

1.08 i 

2.1 

1.08 



IS.l 

5.33 

3.0<>3'o.563 

25.4 

2. IS 

8.5 

3.5 

0.82 

1.6 

0.80 

(’ 107 

() 

13.0 

3.83 

2.813.0.313 

20.0 

2.34 

7.0 

2.0 

0,82 

1.3 

O.Si 



17.0 

4.07 

2.78 1 ' 0 .. 531 

23.5 i 

2.18 

7.8 

2.8 

0.77 

1.3 

0.73 

0 108 

(> 

12.5 

3.66 : 

2.’563..0.313 

10.0 J 

2.31 1 

0.5 

2.1 

0.75 

1.1 

0.74 

C 10() 


17.0 

4.90 ! 

3.5000.375 

25.8 

2.28 

0.0 

5.8 

1.08 

2.5 

1.15 
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1 

13.6 

4.00 i 
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8.8; 

1.49 

4.4 

2.2 

0.74 

1.4 

0.87 
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4 j 

10.1 

2.95 

2.087;0.394 

0.0 ! 1.40 

3.3 

1.12 

0.0^2 

0.79 

0.07 

0 100 

:5 

' 7.1 i 

2.05 

J. 084, 0.250 

2.8 

1.17 

: 1.9 

0.75 
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0.60 
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ELEMENTS OF H BEAMS 
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Dba. 

In.- 

In. 

In. 

In.* 
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"in." 

In.' 

In. 

In.3 

H 4 

8 

34.0 

10.00 

8.0 

.375 

115.4 

3.10 

2S.0 

35. 1 

1.87 

8.8 

H 3 

1 ^ 

23.8 

7.00 

0.0 

.313 

1 45.1 

2..54 1 

15.0 ! 

14.7 

1 .4.'> 

4.9 

11 2 

5 

18.7 

5.50 

5.0 

.313 

23.81 

1 2.08 

0.5 

7.0 1 

1.20 

3.1 

HI 

1 4 

1 13.0 

4.00 

4.0 

.313 

1 10.71 

1 1.63 

5.3 

3.0 ; 

0.95 

1.8 
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BULB SECTIONS 


ELEMENTS OF BULB BEAMS 
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4.45' 7.0 ()..S4 
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20.7 
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2.03 

10.4 
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2.58 

I12.2 
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11.7 

3.1 1 1 4.3 !o.70 
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2.55 

0.7 
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7 2 
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1.2 
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0.1 
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M.0_ 
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ELKMLNTS or MISCEI.LANKOIJS liLJ.B ANCLES 
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1 j -.0.150 2.00 


0. 41 

7.80 
5.00 

5.81 

5.07 
4.71 

5.00 

1. :t8 

4.01 

0,02 

2.04 
2.44 

1.05 

1 .08 
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0.71 
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1 O .94 


176 



CARNEGIE STEEL COMPANY 


ELEMENTS OF Sllll* BUILDING BUI.B ANGLES 
British Stanchinl Sections 


1: ""f / 
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0.71 

jO.OOO 

28..S 

8.47 

0,3.0 
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0.71 

0.550 ! 

21.4 

7.18 

03.0 

2.08 

13.4 

3.74 

: 4.8 
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BULB SECTIONS 

ELEMENTS OF SHIP BUILDING BULB ANGLES 
Britiah Standard Sections 
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Index 


Size 


W('b 
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in-r 

I'oot 


« I 


B217 8 x3 


B21S8 x3 


B 221 


I In. ' l.hs. ! In.a ! ln.« ! In. j In.^* j In. 

0.r)7."> ' 23. 1 0.78 i r>2. 1 2.78 i 12.0 li.M 

0.7)50 ' 22.2 ().51 ; 50.H 2.7'.> ! 1 1 .0 li.M 

0.525 21.1 0.3 1 ; 40.2 . 2.70 ,11.3 3.03 i 2.0 

0.500 20.0 0.07 1 47.7 , 2.80 | lO.O 3.<)3 I 2.8 


I 


B 223 7^x31 


B 224 7 X 3 


B 233 0 X 3 H 


0.475 i 
0.4.50 
0.125 
0. 100 

0.475 
0.4.50 
,0.42.5 
1 0.400 ; 


10.0 

18.8 

18.0 

17.2 


5.78 '40. 1 2.82 
5..54 ' l l.5 2.83 
5.30 '12.0 2.84 

5.00 14 1.3 2.85 
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5.70 40.0) 2.07 
,5.17 .30.2 2.08 
5.24 37.8 : 2.00 
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0.01 
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:0.08 10.07 1 0.50 


B 2.36 0 44 X 3 
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25 15.0 4.10 23.5 2.31 I 

00 14.3 4.20 22.0 2.32 1 

175 13.0 4.00 21.7 2.33; 

1.50 12.0 3..SO 20.8 2.34 1 

i ' ' 

0..500 15. 1 ! 4.45 10.5 ! 1.02 5.1 2.31 
0.475 : 14.5 1.28 15.0 ' 1.03 4.0 i 2.30 
0.4.50 j 1 3.0 4.10 15.3 I 1 .03 : 4.8 2.30 

0.425 , 13.4 i 3.03 14.7 | 1.04 | 4.0 ; 2.20 

0.4CM)|l2.5 3.0S 14.2 1 1.90 
0.375 1 11.0 3.51 13.6 1.07 
0.3.50111.3 3.33 13.0 11.08 
0.3251 10.7 (3.10 12.51 1.99 



0.07 

0.00 

0.05 

0.64 
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CARNEQIE STEEL COMPANY 

ELEMENTS OF EQUAL ANGLES 
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15.S7 

Ain 

s 

\ 

s 

X 

1 

51.0 
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X 

■'t 

3S.0 
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X 
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0.00 
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0.43 
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1 i 
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X 
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X 

I'l 
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V- 
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3.01 I 

A IS 

4 

X 

1 

X 

[. 
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\ 
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X 

4 

X 
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A 21 1 

4 

X 

4 

X 

"h [ 

15.7 : 

4.01 I 

A 22 

1 

X 

1 

X 


11.3 ; 

4.1.S i 

A 23 

4 

X 

4 

X 

1 O 

12..S 1 

3.75 i 

A 21 

4 

X 

4 

X 

*io * 

11.3 ; 

3.31 

A 25 

4 

X 

4 

X 

H \ 

O.S ' 

2.S0 1 

A 00 

4 

X 

4 

X 


i S.2 

; 2.10 1 

A 284 

i 4 

X 

4 

X 

il ' 

! 0.0 ! 

! 1.04 1 



Vxial-l ai 

4 .\xia 2-: 


Axis 3-3 

1 

r 

S 

X 

r mill. 

In.* 

In. 

In.'-' 

In. 

In. 

os.o 

2.42 

17.5 

2.41 

J..55 

03.5 

2.43 

10.7 

2.30 

1..50 

.SO.O 

2.44 

15.S 

2.37 

J .50 

S4.3 

2.4 1 

11.0 

2.34 

1 ..50 

70.0 

2.15 

14.0 

2.32 

1 .50 

74.7 

2.40 

13.1 

2.30 

1 -57 

00.7 

2. 17 

12. 2 

2.2S 

] ..57 

01.<i 

2. IS 

11. 2 

2.2,5 

1.58 

.50.4 

2. 10 

10.3 

2.23 

1..58 

51.1 

2.50 

0.3 

2.21 

1..58 

IS.O 

2.51 

S.4 

2.10 

' 1.58 

.35.5 

I .SO 

s.o 

l.SO 

1.10 

33.7 

1 .SO 

s.l 

1.S4 

1.10 

31.0 

l.si 

7.0 

I.S2 

1.17 

30. 1 

i.S2 

7.2 

1 .SO 

1.17 

2S.2 

I.S3 

0.7 

1.78 

1.17 

20.2 

1 .S3 

0.2 

1 .75 

1.17 

24.2 

l.Sl 


1.7;{ 

i.I7 

22. 1 

I.S5 


* 1.71 

1 18 

1 0.0 

l.S(i 

I 4.0 

I.OS 

1.18 

17.7 

I.S7 

1 4.1 

1.00 

1.10 

15.4 1 

I.SS 

1 3.5 

1.04 

1.10 

10.0 

I.IS 

! -S 

l.(il 

0.00 

IS 7 

I.IS 

1 5 . 5 

1 ..50 

0.00 

I7.S 

MO 

5.2 

1 .57 

0.00 

lO.S 

1.50 

1.0 

1 .55 

0.07 

15.7 

1 .50 

4.5 

1.52 

0.07 

14.7 

1.51 

4.2 

1 ..50 

0.07 

13.0 

1..52 

3.0 

I.IS 

0.07 

12.4 

1 .53 

, 3.5 

1.4(i 

0.08 

11.3 

1..54 

! 3.2 

J.43 

0.08 

10.0 

J .5.5 

i 2.S 

1.41 

0.08 

8.7 

1..50 

2.4 

1.30 

0.09 

S.l 

I.IS 

! 3.0 

1 .20 

0.77 

7.7 

1.10 

i 2.S 

1.27 

0.77 

7.2 

1.10 

2.0 

^ 1 .2^) 

0,77 

0.7 

1.20 

2.4 

i 1.23 

0.77 

O.l 

1.21 

2.2 

1.21 

0.78 

5.0 

1 .22 

2!() 

1.18 

0.78 

5.0 

1.23 

J.S 

1.10 

0.78 

4.4 

1.23 

1.5 

1.14 

0.79 

3.7 

1 1.24 

1.3 

1.12 

0.79 

3.0 

1 1.2.5 

1.0 

1.09 

0.79 
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ELEMENTS OF SECTIONS 


ELEMENTS OF EQUAL ANGLES — Concluded 




-- 

— 








. _ 



Size 

Weight 

.\rea 

Axis 1-1 and .Vxis 2- 


Axis 3-3 

Sfiction 

ludux 

per 

of 






I'oot 

SiHttion 

1 

r 

S 

X 

r niln. 



Inclu'a 

I’oiitids 

Iq.2 

In.' 

In. 

ln.« 

In. 

In. 

A 

20 

2' iS X2j. ;J X tS 

17.1 

5.02 

5.2 

1.02 

2.2 

1.17 

0.07 

A 

27 

2 ' 2 X 2.1 a X h' 

10.0 

4.00 

5.0 

1.02 

2.1 

1.15 

0.07 

A 

2S 

2J2X2'aX 

14.8 

4.24 

4.7 

1.04 

2.0 

1.12 

0.()7 

A 

20 

2. '.'a x 2'2 X •is 

12.0 

2.08 

4.2 

1.04 

1.8 

1.10 

0.08 

A 

40 

S'2x2}i.x 

12.4 

2.02 

4.0 

1.05 

1.0 

1.08 

0.08 

A 

21 

2'2X2fiX iii 

11.1 

2.25 

2.0 

l.OO 

1.5 

1.00 

0.08 

A 

22 

■'i ' 2 X 2 1 a X ,',I 

8’2x2i^xi!-^ 

0.8 

2.87 

2.2 

1.07 

1.2 

1.04 

0.08 

A 

22 

8.5 

2.48 

2.0 

1.07 

1.2 

i.Ol 

0.00 

A 

00 

0'ax2!a X 

7.2 

2.00 

2 .5 

1 .08 

0.08 

0.00 

0.00 

A 2.S5 

;j'2X2;2X>.i 

5.8 

1.00 

2.0 

1.00 

0.70 

0.97 

0.00 

A 

21 

2 X 2 X H 

1 1 .5 

2.30 

2.0 

0.88 

1.3 

0.08 

0.57 

A 

25 

2 X 2 X 

10.4 

2.00 

2.4 

0.80 

1.2 

0.05 

0.58 

A 

20 

2 X 2 X ' ^ 

0.4 

2.75 

2.2 

0.00 

1.1 

0.02 

0.58 

A 

27 

2 X 2 X 

8.2 

2.42 

2.0 

0.01 

0.05 

0.01 

0.58 

A 

28 

2 X 2 X ’'s 

7.2 

2.11 

1.8 

0.01 

0.82 

0.80 

0.58 

A 

20 

2 X 2 X 

0.1 

1.78 

1.5 

0.02 

0.71 

0.87 

0.59 

A 

40 

2 X 2 X }i 

4.0 

1.44 

1.2 

0.02 

0.58 

0.84 

0.59 

A 

40 

^,'2 x2'^x ,'a 

7.7 

2.25 

1.2 

0.74 

0.72 

0.81 

0.47 

A 

47 

^‘2X2'i5x 

0.8 

2.00 

1.1 

0.75 

0.05 

0.78 

0.48 

A 

48 

2'2 x2'2X ^ 

5.0 

1.72 

0.08 

0.75 

0.57 

0.70 

0.48 

A 

49 

2.‘.ix2'iix 

5.0 

1.47 

0.85 

0.70 

0.48 

0.74 

0.40 

A 

50 

2‘aX2.'-2X 1 

4.1 

1.10 

0.70 

0.77 

0.20 

0.72 

0.40 

A 1 00 

2 ' 2 X 2' a X 1 

2.07 

0.00 

0.55 

0.78 

0.20 

0.00 

0.40 

A 004 

2>2 X 2j a X j 8 

2.08 

0.0 1 

! 0.28 1 

0.70 

0.20 

0.07 

0.50 

A 

50 

2 X 2 X 

5.2 

1 .50 

0.54 ! 

0.50 

1 0.40 

0.00 

0.29 

A 

57 

2 X 2 X =<8 

4.7 

1.20 

0.48 ■ 

0..50 

0.25 

0.04 ! 

0.20 

A 

58 

2 X 2 X i'’,, 

2.02 

1.15 

0.42 1 

0.00 

0.20 

O.Ol ! 

0.20 

A 

50 

2 X 2 X 'i 

2.10 

0.01 1 

0.25 j 

0.01 

0.25 

0..50 1 

0.20 

A 

00 

2 X 2 K 

2.4 1 

0.71 1 

0.28 

0.02 

0.10 j 

0.57 i 

0.10 

A rjO(i 

2 X 2 X 8 

1.05 

0.48 1 

0.10 

0.02 

0.12 ' 

0.55 

0.40 

A 

01 

Pi X 1 H X r., 

4.0 

1.24 

i 0.25 

0.51 

0.20 I 

0.59 

0.22 

A 

02 

1 :?4 X 1 i’i X H 

2.00 

1 1.17 

0.21 

0.51 

0.20 1 

0.57 

0.24 

A 

02 

P'ixlilix/;, 

2.20 

! 1.00 

0.27 

0.52 

0.22 i 

0.55 

0.24 

A 

04 

1^-4 X Pi X ‘ 4 , 

2.77 

1 0.8 1 

0.22 

0..52 

0.10 1 

0.52 

0.24 

A 

05 

li?i X 1% X i 1 

IMxpix.lsj 

1 2.12 

0.02 

0.18 

0.54 

0.14 

0.51 

0.25 

A 507 

1.44 

1 0.42 

0.12 

0..55 

0.10 

0.48 

0.25 

A 

00 

P4 X Pi X ;>i; 

2.25 

0.08 

0. 10 

0.44 

0.10 

0.51 

0.20 

A 

07 

I ' ax ]>ax 

2.80 

0.84 

0.10 

0.44 

0.10 

0.40 

0.20 

A 

08 

PaX P^aX }.{ 

2.24 

0.00 

0.14 

0.45 

0.12 

0.47 

0.20 

A 

00 

P 2 X I 'axv’, 

1 .80 

0.52 

0.11 

0.40 

0.10 

0.44 

i 0.29 

A 102 

1 la X P 2 X 1 ^ 

1.22 

0.20 

O.OS 

0.4G 

0.07 

0.42 

0.20 

A 

70 

1,'iX iPx,;.. 

2.22 

0.08 

0.00 

0.20 

0.11 

0.42 

0.24 

A 

71 

1 Vi X 1 ! i X l i 

1.02 

0.50 

0.08 

0.27 

0.00 

0.40 

0.24 

A 

72 

I'i X 1 ‘i X 

1.48 

0.42 

0.00 

0.28 

0.07 

0.28 

0.24 

A 

72 

l.'i'x IMxJ^ 

1.01 

0.20 

0.04 

0.38 

0.05 

0.25 

0.25 

A 

78 

1 X 1 X M 

1.49 

0.44 

0.04 

0.20 

0.00 

0.24 

0.19 

A 

70 

1 X 1 X i*„ 

I.IO 

0.24 

0.02 

0.30 

0.04 

0.32 

0.19 

A 

80 

1 X 1 xH 

0.80 

0.23 

0.02 

0.31 

0.03 

0.20 

0.19 
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CARNEGIE STEEL COMPANY 


ELEMENTS OF UNEQUAL ANGLES 






Wfij'ld 

.\n-ii 

of 


Axia 1-1 



Axia 2-2 

1 

Axis 

3-3 

iScctiou 

ludox 

bizc 

per 

S.T- 

tioji 











Foot 

1 


I" ’ 

* 

r 


8 

y jrlulll. 


IiR'hea 

li«. 

la.- 

In.' 

In. 

In ‘ 

In. 

In.' 

j;;: 

In." 

In. 

In. 

Ai:iS Sx 0 

X 1 

44.2 

13.09 

SO.S 

2.49 

13.1 

2.05 

38.8 

1.73 

8.9 

1.65 

1.28 

AldT 

Sx 0 

X j.] 

41.7 

12.23 

76.6 

2.30 

14.3 

2.03 

3').H 

1.73 

8.4 

1.63 

1,28 

AldOSx U 

X J \S 

39. 1 

11.18 

72.3 

2.31 

13.4 

2.01 

34.9 

1.74 

7.9 

1.61 

1.28 

AlXj 

S X 0 

X 1;! 

30.3 

10.72 

67.9 

2. .32 

12.3 

2.59 

32.8 

1.73 

7.1 

J .59 

1.29 

A 1 ;{4 S X () 

X 

33.8 

9.94 

63.1 

2.,33 

11.7 

2.50 

30.7 

1 .76 

(i.9 

1.56 

1,29 

A i;j;i s X «» 

X ih 

31.2 

9. 1 3 

.38.8 

2.34 

10.8 

2.51 

28.6 

1.77 

6.4 

1.54 

1.29 

Ai:iJ 

S X () 

X ''h 

28.3 

8.36: 34. 1 

2!31 

9.9 

2.52 

20,3 

1.77 

3.9 

1.52 

1.30 

AKU 

8x 0 

X V'.S 

2.'). 7 

7..50'49.3 

2..35 

8.9 

2..30 

24.0 

1.78 

5.3 

1.50 

1 ..30 

AldUSx (> 

X ‘2 

X I'm 

23.9 

6.73 

44.3 

2..36 

8.0 

2.47 

21.7 

1.79 

•1.8 

1.17 

1.30 

ALJy Sx 0 

29.2 

3.93j 39.2 

2.37 

7.1 

2.45 

19.3 

1.80 

4.2 

1.45 

1.30 

A:i2() S xd'i 

X 1 

33.7 

10 . 39 ' 66.2 

2.31 

13.7 

3.17 

7.8 

0.86 

3.0 

0.92 

0,73 

A 321 S X 3'.. 

X K; 

3.{.7 

9.99, 62.9 

2.32 

12.9 

3.14 

7.4 

0.87 

2.9 

0.S9 

0.73 

A 322 

8 x 313 

X Jh 

31.7 

9.39 

39.4 

2. .33 

12.2 

3.12 

7.1 

0.87 

2.7 

0.87 

0.73 

A 323 8x3 ' a 

X Li 

29.0 

8.68 

.33.9 

2.34 

1 1.4 

3.10 

0.7 

0.88 

2.5 

0.85 

0.73 

A 324 8x3'., 

X i 

27.3 

8.90 

32.3 

2.33 

10.6 

3.07 

0.3 

0.88 

2.3 

0.K2 

0.73 

A 323 

8 X 3 U 

X U 

23.3 

7.4.3 

IS.3 

2.. 36 

9.8 

3.03 

3.9 

0.89 


0.80 

0.73 

A32tj 8 X 3'i> 

X 

23.2 

0.89 44.7 
0.13 49.8 

2.37 

2.37 

9.0 

3.03 

3.4 

0.90 

2;o 

0.78 

0.74 

A 32 7 

8x3' ^ 

X V'. 

21.9 

8.2 

3.00 

3.0 

0.90 

J.8 

0.75 

0.74 

A 328 8 X 3*4 

X la 

' 18.7 j 

3.30 

36.7 

2.38 

7.3 1 2.98 

! 4.3 

0.91 

‘1.6 

0.73 

0.74 

A 329 8 X 3' a 

X i’’., 

10.3 

4.84 

32.3 

2.39 

6.4 

2.93 

j 4.1 

0.92 

1.3 

0.70 

0.74 

A 130 

7 X 3 I 3 

X 1 

32.3 1 

9.30 

43.4 

12.19 

10.6 

2.71 


0.89 

3.0 

0.96 

0.74 

A 131 

7 x 3'o 

X ill 

30.3 1 

8.97 

43.1 

j2.l9 

lO.O 

2.09 

i 7.2 

0.S9 

0.90 

i 2.8 

0.94 

0.74 

A 1 32 

7 X 3 ' i 

X ‘n 

28.7 

8.42 

40.8 

; 2.20 

9.1 

2.00 

1 0.8 

1 2.6 

0.91 

“0.74 

A 133 

7 X 3' 3 

X 1,; 

’ 20.8 

7.87 

38.4 

2.21 

8.8 

2.01 

; 0.3 

0.91 

1 2.5 

0.S9 

1O.74 

A J 34 

7 X 3*3 

X "-I 

24.9 

7.31 

36.0 

1 *> 

8.2 

2.02 

' 0.1 

0.!M 

! 2.3 

0.87 

0.74 

A 133 

7 X 3' 2 

X i;, 

1 23.0 i 

0.73 

33.3 

2!23 

7.0 

2.00 

3.7 

0.92 

2.1 

0.85 

0.71 

A 1 30 

7x3' 2 

X '’ h' 

; 2 1.91 

0. 1 7 

30.9 

|2.24i 

7.0 

2.37 

3.3 

0.!)3 

2.0 

!o.S2 

0.75 

A 1 37 

7 X 3 ' 3 

X 1 ’! 

1 9. 1 

3.39 

28.2 


0.3 

2.53 

4.9 

0.93 

1.8 

iO.80 

0.75 

A13S;7x3'3 

X } 

■ 17.9 

3.00 

23.4 


5.7 

2.33 

4.4 

0.94 

1.6 

|0.78 

0.75 

A 1 39 7 X 3 ' 3 

X iV. 

13.9 

4.40 

22. H 

|2.20{ 

5.0 

2.30 

4.0 

0.93 

1.4 

iO.75 

0.76 

A310;7 X a'ii 

X-l^ 

13.0 

3.80 

19.6 

2.27 I 

4.3 

2.48 

3.5 

0.96 

1.3 

IO.73 

1 

0.76 

A 89 ‘ox 4 

X 1 

30.6 

9.00 30.8 

i 1.83 

8.0 

2.17 

lO.S 

1 .09 

3.8 

|1.17 

0.85 

A 91 

6x4 

X 'a 

2S.9 

8.30 

29.3 

1.86 

7.0 

2.14 

10.3 

1.10 

3.6 

1 1.14 

0.85 

A 100 0x4 

X '■« 

27.2 

7.98 

27.7 

1.S6 

7.2 

2.12 

9.8 

1.1 1 

3.4 

1.12 

0.86 

AlOllOx 4 

X \i 

23,1 

7.47 

26.1 

1.87 

0.7 

2.10 

9.2 

1.11 

3.2 

1.10 

0.86 

A 1 02 iO X 4 

X 

23.6 

6.94 

24..3 

1.88 

0.2 

2.08 

8.7 

1.12 

3.0 

1.08 

0.86 

A 103 

6x4 

X 1.‘, 

21.8 

6.40 

22.8 

1.89 

5.8 

2.00 

8.1 

1.13 

2.8 

1.06 

0.86 

A 104 

6x 4 

X 

29.0 

3.86 

21.1 

1.90 

5.3 

2.03 

7.5 

1.13 

2.5 

1.03 

0.86 

A 163 

Ox 4 

X 

IS.l 

5.31 

19.3 

1.90 

4.8 

2.01 

0.9 

1.14 

2.3 

1.01 

0.87 

A 160 

6x 4 

X 52 

1 6.2 

4.73 

17.4 

1.91 

4.3 

1.99 

6.3 

1.15 

2.1 

0.99 

0.87 

A 167 

Ox 4 

X 

14.3 

4.18 

13.5 

1.92 

3.8 

1.90 

3.6 

1.16 

1.8 

0.96 

0.87 

A 168 

6x 4 


12.3 

3.61 

13.5 

1.93 1 

3.3 

1.94 

4.9 

1.17 

1.6 

0.94 

0.88 
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ELEMENTS OF SECTIONS 


ELEMENTS OF UNEQUAL ANGLES -Continued 








tl 


N1 








1 

1 Size 

Weigh 

per 

Foot 

! Area 
^of 


Axis 1-1 


1 

Axis 2-2 


Axis 

3-;i 

luddx 


lion 

1 

r 

8 

X 

J 

r 

S 

y 

rmiti. 


Ilicbt'8 

Lba. 

la.-* 

Iu.« 

in. 

Iiv.« 

In. 

In.t 

In. 


In. 

In. 

A 92 

0 X 3' 2 X 1 

28.0 

8.. 30 

29.2 

1.85 

7.8 

2.26 

7 ‘J? 

0.92 

2.9 

].()! 

0.74 

A 9;ji:() X :{'2 X ir: 

27.3 

8.03 

27.8 

1.80 

7.4 

2.24 

6.9 

0.93 

2.7 

0.99 

0.74 

A l»i9|() X n,'.. X Jh 

23.7 

7.35 

20.4 

1.87 

7.0 

2.2‘.> 

6.6 

0.93 

2.0 

0.97 

0.76 

Al7()i(ix;i'.i X };} 

24.0 

7.00 

24.9 

1 .88 

6.6 

2.20 

6.2 

0.94 

2.4 

0.95 

0.75 

A171 

0 X 3.' 2 X ^1 

22.4 

0.50 

23.3 

1 .89 

6.1 

2.18 

5.8 

0.94 

2.3 

0.93 

0.75 

A 172 

0 x3'.i X 

20.0 

0.00 

21.7 

1 .89 

5.6 

2.1.3 


0.95 

2.1 

0.90 

0.75 

A 173 

0 X 3!2 X 

18.0 


20.1 

1 .90 

5.2 

2.13 

5.1 

0.96 

J.9 

0.88 

0.75 

A 174 

0 X 3)2 X I'l, 

17.1 

5.03 

1.8.4 

1.91 

4.7 

2.11 

4.7 

0.96 

1.8 

O.S() 

0.75 

A 1 7ri 

0 X 3 ! 2 X ,* 2 

1.3.3 

4. 30 

10.0 

1.92 

4.2 

2.08 

4.3 

0.97 

1.6 

0.83 

0.76 

Al7(i 

0 X 3) i X 

13.3 

3.97 

14.8 

1 .93 

3.7 

2.06 

3.8 

0.98 

1.4 

0.8] 

0.76 

A 177 

0x3)2 X 

11.7 

3.42 

12.9 

1.94 

3.3 

2.04 

3.3 

0.99 

1.2 

0.70 

0.77 

A 301 

0 X 3)2 X 

9.8 

2.87 

10.9 

1.95 

2.7 

2.01 

2,9 

1.00 

1.0 

0.76 

0.77 

A17S 

r> X 4 X % 

24.2 

7.11 

10,4 

1.52 

5.0 

1.71 

9.2 

1.14 

3.3 

3.1 

1.21 

0.84 

A 170 

Ox 4 X U* 

22.7 

0.05 

15.5 

1..33 

4.7 

1.68 

8.7 

1.1.3 

1.18 

0.84 

Also 

5 X 4 X ? , 

21.1 

0.19 

14.0 

1.54 

4.4 

1.66 

8.2 

1.15 

2.9 

1.16 

0.84 

A ISI 

3x4 X j 

19.3 

5.72 

13.0 

1.54 

4.1 

1 .64 

7.7 

1.16 


1.14 

0.84 

A 182 

3x 4 

17.8 

5.23 

12.0 

1.55 

3.7 

1.62 

7.1 

1.17 

0 

1.12 

0.84 

A 183 

3x4 X V'h 

10.2 

4,75 

ll.O 

1.50 

3.4 

1.60 

6.6 

l.is 

2.3 

1.10 

0.85 

A 184 

3 X 4 X J 2 

14. .3 

4.25 

10.5 1 

1 ..37 

3.1 

1.57 

6.0 

1.18 

2.0 

1.07 

0.85 

A isr, 

3 X 4 X I'f, 

12.8 

3.75 

9.3 

1 ..38 

2 7 

1..3.3 

5.3 

1.19 

1.8 

1 .05 

0.85 

A 180 

3 X 4 X yi 

11.0 

3.23 

8.1 

1.59 

2.3 

1 .53 

1.7 

1 .20 

1.6 

1.03 

0.86 

A 187 

3 X 3)^ X J,s 

22.7 

0.07 

1.3.7 

1 .53 

4.9 

1.79 

6.2 

0.96 

2.5 

1 .04 

0.75 

A 188 

3 X 3„^ X ]i! 

21.3 

0.25 

14.8 

1 I..34 

4.6 

1.77 

5.9 

0.97 

2.4 

1 .02 

0.75 

Also 

5 X 31^ X H 

19.8 

5.8 1 

13.9 

i 1 ..35 

4.3 

1 .7.3 

5.6 

0.98 

2.2 

1.00 

0.75 

A 100 

3 X 3)^ X 

18.3 

5.37 

13.0 

1.30 

4.0 

1.72 

•3.2 

0.98 

2.1 

0.97 

0.75 

A 101 

3 X 3)4 X 

10.8 

4.92 

12.0 

1 ..30 

3.7 

1.70 


0.99 

1.9 

0.95 

0.7.3 

A 102 

3 x 314 X j"., 

13.2 

4.47 

1 1 .0 

1.57 

3.3 

1 .68 

4.4 

1.00 

1.7 

0.93 

0.75 

A 103 

3 X 3 '4 X )4 

13.0 

4.00 

10.0 

1 .58 

3.0 

1.C6 

4.0 

1.01 

1.6 

0.91 

0.75 

A 104 

5 X 3)^ x {g 

12.0 

3.53 

8.9 

1..39 

2.6 

1.63 

3.6 

1.01 

1.1 

0.88 

0.76 

A ior> 

5 X 3)4 X 

10.4 

3.05 

7.8 

1 .00 

2.3 

1.61 

3.2 

1.02 

1.2 

0.86 

0.76 

A 00 

3 X 3)4 X {'a 

8.7 

2.50 

0.0 

1.01 

1.9 

1.59 

2.7 

1.03 

1.0 

0.84 

0.76 

A 100 

5x 3 xl3 

19.9 

5.84 

14.0 

1..3.3 

4.5 

1.86 

3.7 

O.SO 

1.7 

0.86 

0.64 

A 107 

5x 3 xH 

18.5 

5.44 

13.2 

1.55 

4.2 

1.84 

3.5 

0.80 

1.0 

0..S4 

0.64 

A 198 

5 X 3 X {A 

17.1 

5.03 

12.3 

1.50 

3.9 

1.S2 

3.3 

0.81 

1.5 

0.82 

0.64 

A 199 

5x 3 xH 

15.7 

4.01 

11.4 

1..37 

3.5 

1.80 

3.1 

0.81 

1.4 

O.SO 

0.64 

A 200 

Ox 3 X ,"rt 

14.3 

4.18 

10.4 

1..38 

3.2 

1.77 

2.8 

0.82 

1.3 

0.77 

0.65 

A 201 

5x 3 x)4 

12.8 

3.75 

9.5 

1.59 

2.9 

1.75 

2.6 

0.83 

1.1 

0.75 

0.65 

A 202 

5 X 3 X A 

1 1 .3 

3.31 

8.4 

1.60 

2.6 

1.73 

2.3 

0.84 

1.0 

0.73 

0.65 

A 203 

5x 3 xH 

9.8 

2.86 

7.4 

1.61 

2.2 

1.70 

2.0 

0.84 

0.89 

0.70 

0.65 

A280 

5 X 3 X x« 

8.2 

2.40 

6.3 

1.01 

1.9 

1.68 

1.8 

0.86 

0.75 

0.68 

[0.66 
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Weigh 
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I‘\K)t 

Area 

of 

Axis I-l 



Axis 

2-2 


.'Ixis 

.3-:i 

Index 


tion 

I I r 

8 

• X 

I 

r 

8 

■ .V 

r 111 in 


IllcllOS 

Lbs. 

hi.-’ 

lii.^ 1 In. 

In.« 

In. 

In.i 

In. 

ln.;> 

1 In. 

In. 

A 204 

4>^x 3 xU 

18.5 

5.43 

10.3 ! 1.38 

3.0 

1.05 

3.0 

io.si 

1 

: 1.7 

0.90 

0.64 

A 205 

4Hx 3 \U 

17.3 

5,00 

0.7 1.30 

3.4 

1 .03 

3.4 

1 0.82 

1 1.0 

0.88 

0.64 

A 200 

■thx 3 x{‘ 

10.0 

4.08 

0.1 ' 1.30 

3.1 

l.OO 

3.2 

: 0.83 

1.5 

0.85 

0.04 

A 207 

Uix 3 

14.7 

4.30 

8.4 1.40 

2.9 

l.,58 

3.0 

0.83 

1.4 

0.83 

0.04 

A20S 

ij'iix 3 X 

13.3 

3.00 

7.8 1.41 

2.0 

1 .50 

2.8 

i 0.85 

1.3 

0.8 1 

0.04 

A 200 

4j'2X 3 x'a 

1 1.0 

3..50 

7.0 1.42 

2.4 

J .,54 

2.5 

0.85 

l.l 

0.79 

0.05 

A 2 10 

4>aX 3 X 

10.0 

3.00 

0.3 1 .43 

2. 1 

1.51 

2.3 

! 0.85 

1.0 

0.70 

0.05 

A211 

4Wx 3 x-}% 

O.l 

2.07 

5.5 1 .44 

1.8 

1.49 

2.0 

1 0.80 

0.88 

0.74 

0.00 

A 97 

43^x 3 X 

7.7 

2.25 

4.7 1.44 

1.5 

1.47 

X.7 

0.87 

0.75 

0.72 

0.00 

A212 

4 x3J4x!i! 

18.5 

5.43 

7.8 i 1.10 

2.9 

1.30 

.5.5 

i 1.01 

2.3 

l.ll 

0.72 

A21.*J 

4 x3'2X?,i 

1 7.3 

5.00 

7.3, 1.20 

2.8 

1 .34 

r> M 

J.OI 

2.1 

1.09 

0.72 

A 214 

4 x3i2Xi,l 

10.0 

4.08 

0.0 ; 1. 21 

2.6 

1..32 

4.0 

1.02 

2.0 

1.07 

0.72 

A215 

4 x3'.,x>^ 

14.7 

I..30 

0.4 1.22 

2.4 

1 .29 

4.5 

1.03 

1.8 

1.04 

0.72 

A210 

4 x3'ax^ 

13.3 

3.00 

5.0 ' 1 .23 

2.1 

1.27 

4.2 

i 1.03 

1.7 

1.02 

0.72 

A 217 

4 x3'.jx><i 

11.9 

3..50 

5.3 i 1 .23 

1.9 

1 .25 

3.8 

1.04 

1.5 

J.OO 

0.72 

A218 

4 x3! aX^’fl 

10.0 

3.00 

4.8 1 1.24 

1.7 

1.23 

3.4 

1 1 .05 

1.3 

0.98 

0.72 

A 2 10 

4 x:y!'i\ys 

0.1 

2.07 

4.2 i 1 .25 

1.5 

1.21 

3.0 

; 1 .00 

1.2 

0.90 

0.73 

A 08 

4 xOJ'ax,", 

7.7 

2.2.5 

3.0 1 1.20 

1.3 

1.18 

2.0 

j 1.07 

1.0 

0.93 

0.73 

A 220 

4 X 3 X fit 

17.1 

5.03 

7.31 1.21 

2.0 

1.44 

3.5 

0.83 

1.7 

0.94 

0.04 

A221 

4x3 xi‘.i 

lO.O 

4.00 

0.0 1.22 

2.7 

J.42 

3.3 

0.84 

1.0 

0.92 

0.04 

A 222 

4 X 3 xji 

14.8 

1..34 

0.5 1.22 

2.5 

1.39 

3.1 

0.84 

1.5 

0.89 

0.04 

A 223 

4 X 3 x^s 

13.0 

3.08 

0.0 j 1.23 

2.3 

1.37 

2.9 

0.85 

K4 

0.87 

0.04 

A224 

4 x 3 \i-„ 

12.4 

3.02 

5.0 1.24 

2.1 

1.35 

2.7 

0.80 

1.2 

0.86 

0.04 

A 225 I 

4 X 3 xli 

11.1 

3.25 

5.01 1.25 

1.9 

1..33 

2.4 

0.80 

1.1 

0.83 

0.04 

A22()l 

4 X 3 X i’,, 

0.8 

2.87 

4.5 i 1.25 

1.7 

1.30 

2.2 

, 0.87 

1.0 

0.80 

0.04 

A 2271 

4x3 X'< i 

8.5 

2.18 

4.0 i 1.20 

1 .5 

1.28 

1.9 

0.88 1 0.87 

0.78 

0.C4 

A22S, 

4 X 3 X , 

7.2 

2.00 

3.4 ' 1.27 

1.2 

1.20 

1.7 

0.89 10.74 

0.70 

0.05 

A2s:3i 

4 X 3 X ‘4 

5.S 

1 .00 

2.8: l.liS 

1.0 

1.24 

1.4 

0.89 1 0.00 

0.74 

0.05 

A 220 

3’iX 3 xjjli 

i 1.5.8 

4.02 

5.0 i 1.04 

2.2 

1.23 

3.3 

0.85 

1.7 

0.98 

0.62 

A 230 

3'jx 3 x:<.i 
3.'aX 3 X J ‘ 

14.7 

4.31 

4.7' 1.04 

2.T 

1.21 

3.1 

0.85 1 1 .5 

0.90 

0.02 

A 231 

13.0 

4.00 

4.4 1.05 

1.0 

1.10 

3.0 ' 

0.80 

1.4 

0.94 

0.02 

A 232 

3l2X 3 x?-i;, 

12.5 

3.07 

4.1 ! 1.00 

1.8 

1.17 

2.8 i 

0.87 

1.3 

0.92 

0.02 

A 233 

:iy!^x 3 X 

II.4 

3.34 

3.8 1.07 

1.0 

1.15 

2 .5 i 

0.87 

0.88 

1.2 

0.90 

0.02 

A 234 

35 ox 3 x'a 

10.2 

3.00 

3.5 i 1 .07 

1.5 

1.13 

2.3 ! 

1.1 

0.88 

0.02 

A 235 

3‘'2X 3 x/h 

O.l 

2.05 

3.1 ! 1.08 

1.3 

1.10 

2.1 1 

0.89 

0.98 

0.85 

0.02 

A 230 

SlyX 3 x -'s 

7.0 

2.30 

2.7 1 1.00 

1. 1 

1 .08 

1.8 j 

0.90 0.85 

0.83 

0.02 

A 237 

35ax 3 x,^;, 

0.0 

1 .03 

2.3 1 I.IO 

0.00 

1 .00 

1.0 

0.90 

0.72 

0.81 

0.03 

A2S0 

3>3X 3 x!4 : 

5.4 

1.50 

1.0! 1. 11 

0.78 

1.04 

1.3 

0.91 

0.58 

0.79 

0.63 

A23S 

353X25-2X i‘ i 

12.5 

3.05 

4.1 j 1.00 
3.8 1 1 .07 

1.9 

1.27 

1.7 

0.09 

0.99 

0.77 

0.53 

A 230 

3‘^3x2j^x^j^ 

1 1 .5 

3.30 

1.7 

1.25 

1.0 

0.09 

0.92 

0.75 

0.53 

A 240 

35ix25.ixA 

10.4 

3.00 

3.0 I 1 .08 

1.0 

1.23 

1.5 

0.70 

0.84 

0.73 

0.53 

A241 

35ix2j-$xli 

0.4 

2.75 

3.2 1.09 
2.0 1 1.09 

1.4 

1.20 

1.4 

0.70 

0.70 

0.70 

0.53 

A 242 

3.!;ix252X,'>'a 

8.3 

2.43 

1.3 

1.18 

1.2 

0.71 

0.08 

0.08 

0.54 

A 243 


7.2 

2.11 

2.0 1 1.10 

1.1 

1.10 

1.1 

0.72 

0.59 

0.66 

0.54 

A 244 

3>ix2j^x»i 

0.1 

1.78 

2.2 1.11 
1.8(1.12 

0.93 

1.14 

0.94 

0.73 

0.50 

0.G4 

0.54 

A 245 

4.9 11.441 

0.75 

1.11 

0.78 

0.74 

0.41 

0.61 

0.54 
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1 ni l ox 
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1 
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8 

X 

1 


8 

y 

riiiin. 


iiu'hca 

L1)8. 

In. 

In* 

In. 

In.:* 

In. 


In. 

In.:* 

h.: 

in. 

A25li 

3 x2,!'ax;-;, 

9.5 

2.78 

2.3 

0.91 

1.2 

1.02 ' 1.4 

0.72! 

0.82 

0.77 

0.62 

A2r);i 

3 x2'iiX‘ii 

8.5 

2..5() 

2.1 

0.91 

Ld 

1 .00 

1.3 

0.72 

0.74 

0.75 

0.52 

A2r)j 

3 X2l2Xpi 

7.0 

2.21 

1.9 

0.92 

0.93 

0.98 

1.2 

0.73! 

0.00 

0.73 

0.52 


3 x2'.-.X'*s 

0.0 

1.92 

1.7 

0.9310.81 

0.90 

1.0 

0.74 

0..58 

0.71 

0.52 

A2r)0 

3 x2'2X,', 

5.0 

1 .02 

1.4 

0.94 

0.1)9 

0.93 

0.90 

0.74 

0.49 

0.08 ' 0.53 

A 257 

3 X2^;iX34 

4.5 

1.31 

1.2 

0.95 

0.50 

0.91 

0.74 

0.75 

0.40 

0.00 

0.53 

A 258 

3 X 2 x 4' 

7.7 

2.25 

1.9 

0.92 

1.0 

l.OS 

0.07 

0.55 ' 

0.47 

0.58 

0.43 

A2.')'.> 

3 X 2 x/,. 

0..S 

2.00 

1.7 

0.93 

0.89 

1.00 ! 0.01 

0.55 

0.42 

()..50 : 0.13 

A2(R) 


5.9 

1.73 

1.5 

0.94 

0.78 

1 .01 

0.54 

0.50 

0.37 

0.51 

0.43 

A2<)l 

3 X 2 x;' 

5.0 

1.47 

1.3 

0.95 

0.00 

1.02 

0.-17 

0.57 

0.32 

0.52 

0.43 

A2G2 

3x2 x,‘.i 

-1.1 

I.J9 

1.1 

0.95 

0.54 

0.99 

0.39 

0.57 

0.25 

0.49 1 0.43 

A2()l 

2iix 2 xj-^; 

o.s 

2.00 

1.1 

0.75 

0.70 

0.88 

0.04 !o.50 

O.ilO 

0.63 

0.12 

A 205 

2j2X 2 X,'., 

0.1 

1.78 

1.0 

0.70 

0.02 

().<S5 

0.58 

0..57 

0.1 L 

0.00 

0.42 

A 2 00 

2J aX 2 x:'h 

5.3 

1..55 

0.91 

0.77 

0.55 

0.83 

0.51 

0.58 

0.30 

0.58 

0.42 

A 207 

2liix 2 X,':, 

4.5 

1.31 

0.79 

0.78 

0.47 

0.81 

0.15 

0..58 

0.31 

0.50 

0.42 

A20S 

2,4x 2 x'.i 

3.02 

1.00 

0.05 

0.78 

0.38 

0.79 

0.37 

0.59 

0.25 

0.54 

0.42 

A200 

2y-jX 2 Xi'li 

2.75 

0.81 

0.51 

0.79 

0.29 

0.70 

0.29 

0.00 

0.20 

0.5 1 

0.43 

A 523 

2iix 2 x38 

1.80 

0.55 

0.35 

0.80 

0.20 

0.71 

0.20 

0.01 

0.13 

U.-19 

0.43 

A 010 

2',.ixl3;w\;;, 

3.92 

1.15 

0.71 

0.79 

0.41 

0.90 

0.19 

0.41 

0.17 

0.40 

0.32 

AOI 1 

2•^xl'^.^i 

3.19 

0.9-1 

0.59 

0.79 

0.30 

0.88 

0.10 

0.11 

0.14 

0.38 

0.32 

A012 


2.44 

0.72 

O.-IO 

O..S() 

0.28 

0.85 

0.13 

..,4. 

0.11 

0.35 

0.33 

A 2 70 


5.0 

1.03 

0.75 

0.08 

0.54 

0.80 

0.2r) 

0.40 0.20 

0.48 

0.32 

A271 

uXi'.j 

5.0 

1.45 

0.08 

0.09 

0.48 

0.8.3 

0.24 

0.41 l0.23 

0.40 

0.32 

A272 

2*4X1 ‘-jX;*^ 

4.4 

1.27 

0.01 

0.09 

0.42 

0.81 

0.21 

0.1 1 

0.20 

0.11 

0.32 

A 273 

-'•4Xl‘'i-XnT 

3.00 

1.07 

()..53 

0.70 

0.30 

0.79 

0.19 

0.12 

0.17 

0.42 

0.32 

A 271 

2*4X1 'aX.'i 

2. 98 

0.88 

0.44 

0.71 

0.30 

0.77 

0. 1 0 

0.42 

0.11 

0.39 

0.32 

A 275 

23.ixl3aX?o 

2.28 

0.07 

0.34 

0.72 

0.23 

0.75 

0.12 

0.43 

0.11 

0.37 

0.33 

A 031 

2 xl'^JxiJ.^ 

3.99 

1.17 

0.-13 

0.01 

0.34 

0.71 

0.21 

0.42 

0.20 

0.40 

0.32 

AO 1-1 

2 xUijX/'n 

3.39 

l.OO 

0.38 

0.02 

0.29 

0.09 

0.18 

0.42 

0.17 

O.-ll 

0.32 

AOI 5 

2 xL'axJi 

2.77 

0.81 

0.32 

0.02 

0.21 

0.00 

0. 1 5 

0.13 

0.14 

0.41 

0.32 

A 010 

2 xllijXi'o, 

2.12 

0.02 

0.25 

0.03 

0.18 

0.04 

0.12 

0.-14 

0.11 

0.39 

0.32 

A 525 

2 xl3-jxV'a 

1.44 

0.42 

0.17 

0.04 

0.13 

0.02 

0.09 

0.15 

0.08 

0.37 

0.33 

A 0-40 

2 xlKx*i 

2.55 

0.75 

0.30 

0.03 

0.23 

0.71 

0.09 

0.34 

0.10 

0.33 

0.27 

A 045 

2 xli^xA 

1.90 

0.57 

0.23 

0.64 

0.18 

0.09 

0.07 

0.35 

0.08 

0.31 

0.27 

AO IS 

l?ixlj^xi^ 

2.34 

0.09 

0.20 

0..51 

0.18 

0.00 

0.09 

0.35 

0.10 

0.35 

0.27 

A 019 


1.80 

0.53 

0.10 

0..55 

0.14 

0.58 

0.07 

0.36 

0.08 

0.33 

0.27 

A 020 


1.23 

0.30 

0.11 

0.50 

0.09 

0.56 

0.05 

0.37 

0.05 

0.31 

0.27 

A 070 

1 1/^x1 

2.59 

0.70 

0.16 

0.45 

0.16 

0.52 

O.IO 

0.35 

0.11 

0.40 

0.26 

A 023 

1 mxiMxj^i 

2.13 

0.03 

0.13 

0.46 

0.13 

0.50 

0.08 

0.30 

0.09 

0.38 

0.20 

A 024 

il>4xl>ix,*{r 

1.04 

0.48 

0.10 

0.40 

0.10 

0.48 

0.07 

0.37 

0.07 

0.35 

0.26 
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CARNEGIE STEEL COMPANY 

ELEMENTS OF EQUAL TEES 





Section 

Index jHariKC, .Stein 


Mnuiniini 
'I'll i<k neSH 

Flanftej Stem 


.WeiKlit 

I P^-'- 

' Foot 


Area ' 
of I 
Sec- ■ 
tion ' 


Axis 1-1 Axis 2-2 

r ,S x f r S 


In. In. ; In. I,l«. fn.-* ,:Jn.i In. In.n In. i In.' In. i In.s 
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ELEMENTS OP SECTIONS 


ELEMENTS OF UNEQUAL TEES 



1 I I Miuiiimni i pur 

j I |I''Ian«('' Stum , 

{ In. ! In. ! In. 1 In. I.bs. 


Suc- 

tion 

I 

r 

s 


1 

V 

s 

In.- 

In.« 

Jn. 


In. 

In,' 

In. ; 

In.' 

3.0:1 

2.4 

0.78 

1.1 

0.73 

5.4 

1.17' 

2.2 

3.18 

1.5 

0.68 

0.78 

0.6.3 

4.1 

Ml 

1.6 

4.60 

5.1 

1 .05 

2.1 

I.l 1 

3.7 

0.00 

1.7 

1 2.. 88 

2.1 

0..S4 

0.0 1 

0.74 

! 3.0 

' 1.02 

1.3 

2.46 

1.8 

0.85 

0.78 

0.71 

2. .5 

i 101, 

l.I 

2.68 

1.2 

j 0.(i7 

0.63 

0.,50 

3.0 

; 1.05 

1.3 

2.20 

1.0 

1 0.68 

0.54 

0..57 

2.5 

i 105 

1,1 

4.50 

10.8 

11.55 

!3.1 

1 .56. 

1 2.8 

! 0.70 

1.4 

3.10 

8.5 

1.56 

12.4 

1 .5 1 

;2.i 

0.78' 

1.1 

4.23 

7.0 

i.:i7 

1 

1.37 

i 

‘ 0.81! 

1.4 


2.0 ().S(i 

1.7 0..S7 

I. 2 O.O'.l 

J. O 0.00 
0.00 0.52 
0.5:1: 0.52 

5.5 1.21 
4.;i 1.2:1 

2.1 0.87 
1.0 O.SS 

1.8 0.01 


0.00 0.78; 
0.77 0.75: 
0.02 O.l'iJ 
0.5.1 0.00 1 
O. IO O.lSj 
o.:ii 0.40 

2.0 1.24 

1.5 I.IO 

1.1 0.88 1 
0.80 o..s:i j 
0.85 0.85 
1.0 I.:i2l 



4.1 1.24 

:i.5 1 .00 


1.1 0.72 
0.04| 0.7:1 
1.7 0.01 

1.5 0.02 
o.os' o.:ii 
0.10|0.42 
0.27; 0.01 
0.0.5 o.:i7 
0.01 io. 10 


0.00 0.71 
0.52 0.68 
0.84 0.05 
0.72 0.02 
0.00 0..'12 
0.15 0.42 

0.10 0.6:1 

0.05 0.33 

I 0.0 1 0.16 


jO.SO. 1.1 

i o.so: j.i 
I 0.88! 0.88 
j 0.02: 1 .0 

0.01i0..S8 
0.06| 1.1 
0.05; 0.88 

0.72: I.l 

0.70|0.S1 
:0.77; 1.1 
' 0.75j n.Sl 
0.74, 0.68 
I 0.50, 0.81 
! 0.5o! 0.70 
■ 0.58 0.60 

] 0.62j0.80 
! o.oo; 0.60 
I 0.6 1; 0.62 

0.661 0.50 
0.65 0..50 
0.5 1; 0.42 
0.50 o.;i5 
0.58 0.2:1 
0.45 0.18 
0.02 0.08 
0.:i2 0.05 
10.31 0.04 
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CARNEGIE STEEL COMPANY 


ELEMENTS OF ZEES 






Size 


Weight 

of 

Axis 1-1 

Axis 2-2 


A.xis 

;?-3 

Soollon 

Index 

l''IanK<'a 

„ 1 

Thiek- 

nt'ss 

per 

Foot 

Sec- 

tion 

1 

r 

s 

1 

r 

s 

riiiln. 



In. 

In. 

In. 

1.1)3. 


Tn.‘ 

In. 

In.** 

In.t 

In. 

In.!' 

In. 




■T’h' 

"8 

34.G 

10.17 

50.2 

•> *>2 

16.4 

10.2 

1.37 

6.0 

0.83 

z 

3 

OiV. 

G 


4 

32.0 

0.40 

46.1 

•I 22 

15.2 

17.3 

1.36 

.5.5 

0.82 



.'132 

20.4 

8.63 

42.1 

2.21 

14.0 

15.4 

1.34 

4.9 

0.81 






28.1 

8.25 

43.2 

2.29 

14.1 

16.3 

1.41 

5.0 

0.84 

z 

2 


G 1 !i 


2.').4 

7.46 

38.9 

2 . 2 s 

12.8 

11. 4 

1.39 

4.4 

0.82 



U 

.'14 

H 

lU 

22.8 

6.68 

34.6 

2.28 

11.5 

J2.6 

1.37 

3.9 

0.81 



03'8 

.34 

H 

21.1 

6.19 

34.4 

2.36 

11.2 

12.0 

1.44 

3.8 

0.84 

z 

1 

6|‘n 

•3 i'(T 

18.4 

5.30 

29.8 

2.35 

0.8 

11.0 

1.43 

3.3 

0.83 



G 

332 


15.7 

1.50 

25.3 

2.35 

8.4 

O.l 

1.41 

2.8 

0.83 



5H 

33i; 


28.4 

8.33 

28.7 

1.86 

11.2 

14.4 

1.31 

4.8 

0.76 

z 

6 

Gi’fl 

3,-, 

34 

}i 

20.0 

7.64 

26.2 

1.85 

10.3 

12.8 

1.30 

4.4 

0.74 



5 

33.i 

23.7 

6.06 

23.7 

1.84 

9.5 

11.4 

1 . 2 s 

3.9 

0.73 




34 

5.8 

22.6 

6.64 

24.5 

1.92 

9.6 

12.1 

1.35 

3.9 

0.76 

z 

5 

5 A 

3 i'll 

il? 

20.2 

5.04 

21.8 

1.91 

8.6 

10.5 

1 .63 

3.5 

0.75 



5 

su 

34 

17.0 

5.2.5 

19.2 

1.91 

7.7 

0.1 

1.31 

3.0 

0.74 



r>?-^ 

34 
.3 A 

f 

16.4 

4.81 

19.1 

1.99 

7.4 

0.2 

1.38 

2.9 

0.77 

z 

4 


14.0 

4.10 

16.2 

1 .90 

6.4 

7.7 

1.37 

2.5 

0.76 



5 

.33^i 

11. 6 

3.40 

13.4 

1.08 

5.3 

6.2 

1.35 

2.0 

0.75 



43-^ 

.3 A 

U 

23.0 

6.7.5 

1 5.0 

1.40 

7.3 

11.2 

1.29 

4.0 

0.68 

z 

9 

4i*a 

338 

l.\ 

20.0 

6.14 

13.5 

1.48 

6.7 

10.0 

1.27 

3.6 

0.07 



4 

.3* 

✓ 8 

18.0 

5. .55 

12.1 

1.48 i 

G.l 

8.7 

1.25 

3.2 

0.06 



43-i 


A 

18.0 

5.27 

12.7 

1.55 

6.2 

0.3 

1.33 

3.2 

0.08 

Zi 

S 

4i‘a 

338 


15.0 

4.66 

11.2 

i .55 

5.5 

8.0 

1.31 

2.8 

0.67 



4 

.3A 

A 

13.8 

4.05 

9.7 

1.55 

4.8 

6.7 

1.29 

2.4 

0,66 



4.4 

3 A 

34 

12.5 

3.6r, 

9.0 

1 .62 

4.7 

6.8 

1.36 

2.3 

0.69 

z 

7 

4i',i 

.33 8' 


10..3 

3.03 

7.9 

1.62 

3.9 

5.5 

1..34 

1.8 

0.68 




3A 

8.2 

2.41 

6.3 

1.62 

3.1 

4,2 

1.33 

1-4 

0.67 

Z 12 


24 

A 

14.3 

4.18 

5.3 

1.12 

3.4 

5.7 

1.17 

2.3 

0.54 

3 

21i 

34 

12.0 j 

3.69 

4.6 

1.12 

3.1 

4.0 

1.15 

2.0 

0.53 

Z 11 


24 

A 

11.5 

3.36 

4.0 

1.17 

3.0 

4.8 

1.19 

1.9 

0.55 

2ii 

k 

9.8 

2.86 

3.9 

1.16 

2.6 

3.9 

1.17 

1.6 

0.54 

Z 10 


24 

TIT ; 

8.5 

2.48 

3.6 

1.21 

2.4 

3.6 

1.21 

1.4 

0.56 

3 

2ii 

k 1 

6.7 

1.97 

2.9 

1.21 

1.9 

2.8 i 

1.19 

1.1 

0.56 
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ELEMENTS OP SECTIONS 

ELEMENTS OF CROSS TIES 



i2 



Depth 

of 

Wt. 

Area 

of 

Width of 
FlanfiC 

I’hick- 

ness 

Station 

Sec- 

per 

Foot 

Sec- 


_ 

of 

index 

tion 

tion 

'I’op 

Bottom 

Web 


In. 

id)H. 

In.- 

In. 

In. 

Tu.; 

M 28 ^ 

(i.AO 

27. S 

s.oo 

A.O 

10.0 

.813 

M 2!) 


28. r, 

7.01 

G.O 

8.0 

.375' 

M 21 

Ti.AO 

20.0 

r,.7i 

4.5 

8.0 

,250 I 

M 2.', j 

4.2;-) 

14. f) 

4.10 

4.0 

0.0 

.250 1 

M 2 » ! 

:{.oo i 

9.r. 

2.80 

8.0 I 

5.0 

.208 ! 


Axis 1-1 Axis 2-2 


1 

r 

s 

X 

[ 

r 

S 

Ia.‘ 

In. 

In.:‘ 

In. 

In.i 

_ 1 

In. i 

ln.« 

57.5 

2.07 

14.8 

2.40 

30.8 

1.05 

0.2 

35. 1 

2.25 

11.8i 

2.88 

10.8 i 

1 .55 

4.2 

80.0 

!2.33| 

0.7 

2.38 

14.0 1 

1.02 

3.7 

18.0 ; 

; 1.7S 

5.5 

1.88 i 

0.1 

1.22 

2.0 

4.3 1 

i 1.24 

2.5 

1.27 

8.l! 

1.05 

1.2 



Swtioti 

Itiilex 


Dcptli ti'x Area 

of : i of 

S(!c-- ! , Sec- 
tion ' . tion 


Width of 
Section xhick-i 


Axw 1-1 

r S 




In. i 

Lbs. 

In.- 

In. 

In. 

In. 

In.* 

In. 

In.-* 

In. 

In.* 

In. 

In..-* 

Al 27 

2.25 

0.0 

2.02 

5.5 

7.0 

.250 

1.2.S 

0.70 

0.70 

1.02 

10.8 

2..58 

4.8 

M 20 i 

2.00 i 

0.0 

1.72: 

4.5 

1 ‘i-O 1 

.188 

:o.7l 

0.04 

().51 

|l..ll 

8.4 1 

2.22 

2.8 

TNI 1 8 

1.50 ; 

4.0 

1.21 

8.^i 

i 5.0 1 

.1.50 

!0.81 ' 

' 0.50 

!o.31 

1 1 .00 1 


1.78 

1 1.5 


12 ^ ’ 

12 ^ 


■ 

Section 

Index 

Depth 

of 

Sec- 

tion 

Wt. 

per 

Foot 

Area 

of 

Sec- 

tion 

Width 

of 

Sec- 

tion 

Thick- 

ness 

' 

Axis I-l 

1- ' s ! X 

, 

Axis 2-2 

! " ' 

; i- j 8 

: 


^ In. 

LbsT 1 

In.:i 


i 

In.* 

In. 1 In.-’* ! In. 

In.* 

j In. j In.** 

M 20 

lit 

8.20 

0.07 

415- 

! 

0.050 

lo.25|O.Uo! 0.54 

2.44 

1 r 

j 1.58 j 0.09 

M 19 

1 H 

1 2.50 ’ 

1 0.74 

1 4 1 

- 

04 

0.024i 0.18!0.057l 0.43 

1.15 

i 1.251 0.58 
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CARNEQIE STEEL COMPANY 


ELEMENTS OF TROUGH PLATES 


SfCtion 

Index 


M 14 
M lA 
M 12 
M 11 
M 10 






Diinenaioufl 


Weight 

Area 


Axis 1-1 





— 


! PtT 

of 


' 



a 


1 ) 

! <1 ' 

1 fi 

Font 

Section 

I 

1 r 

s 

X 

In. 


In. 

i : 

In. , In. 

Lbs. 

In.i! 

In.‘ 

In. 

In. 

In. 

9.4 


r, 

i -ih 

H 


0.82 i 

o.r. 

I 0.90 

2.2 

1.21 

94 


T) 

, :P4 

! ii 

; 21.4 1 

1 0.30 1 

o.O 

! 0.90 

2.0 

! 1.19 

94 


f) 

i 

h 1 A 

; 19.7 i 

r,.79 1 

4.0 

1 0.90 

1.8 

1 1.10 

9}^! 



1 


! 18.0 1 

0.28 

4.1 

0.91 

1.0 

1 1.12 

!)i., 


r> 

i -Ah I 

4 1 H 

i 10.3 ! 

4.78 , 

3.7 

1 0.91 

1.4 

1 1.08 


ELEMENTS OF C(.)RRUGATED PLATES 



-j, ... 


a- 





Dimensions 



Weight Arc.a 


Axis 1-1 


Section 

In(lr;.K 

a 

1) 

• 

<1 i 

1 

r 

per of 

Foot Section 

I 

1* S 

X 


In. 

In. 

In. 

In. 

In. 

I.bs. 

In.-* 

In.-t 

In. In.-'* 

In. 

M 37) 


7,"« 

24 ! 

4 

24 

23.7 

0.97 

I 0.8 

0.90 4.7) 

1.34 

M 34 


” l it 

, i 

34 

20.8 

0.10 

i 7). 8 

0.08 3.9 

1.32 

M 33 



2^4 1 

4 ; 

3>, 

17.8 

7).22 

i 4.8 

; O.OIV. 1 3.3 

1 1.31 

M^2 : 

S?4 ' 

AH 

i 14 i 

4 ; 

34 

12.0 

3.7)3 

1.3 

i 0 . 02 ’ , 1.4 

0.74 

M 31 

8?4 

7)4 

I 1 

A 

34 

10. 1 j 

2.90 i 

0.97) 

' 0.7)7 ; l.l 

1 0.72 

M 30 

«:l4 


! 14 1 

H : 

34 

8.1 

2.38 , 

0.04 

0..')2 ' O.SO 

; 0.70 


ELEMENTS OF U. S. STEEL SHEET PILING SECTIONS 




ELEMENTS OF SECTIONS 

ELEMENTS OF RAIL AND SPLICE BARS 



Sectioiil Yard 
Index 


jWoiKhtjDi'ptli, Aren I Axis 1-1 

of 1 of ' j 

[Section Section, I S 


Td)fi. 


1 .“ ! In A ^ fn.3 I 


A. 8. 0. E, Rails 


Sccliou 

Index 


|\VeiKht nepth Aron 
per i of of 


Axis M 
[Section Section I S x 
III. In.-’ In.-< ' In.-’ ' In. 


A. 8. C. E..8pLirK Bails 


KKI-IO, 

100 

5 •>4 

0.84 

48.07ll4.55 2.73 

810040 15.80 

4 


18.18 

5..S21.91 

DOlo; 

00 

5^ 

s.8:{ 

84.80il 2. 102.55 

.8 0040' 18..50 

8:;i 

1 8.07 

10.804.701.81 

8510i 

S5 

5i='., 


80.071 1.082.47 

S .8.540 1 2.40 

im 

1 8.05 

8.484.021.71 

S04() 

80 

5 

7.80 

20..8SI 10.07 2.88 

S 8040! 11. .50 

35t 

1 8..88 

7.81; 

8.751.08 

7510' 

75 

■Mil 

7.88 

22.80; 0.102.80i 8 7.510 10.70 

3 ' i 

i 8.15 

0.02'8.28 1 .05 

7010 

70 

4->i 

0.81 

lO.ro: 8.102.22 

S 7040 10.00 

3i5 

1 2.05 

5.82:8.1.51.01 

0540 

05 


0.88 

lO.OOi 7.872.14 

S 0540! 0.20 

8JA 

'2.71 1 

4.8." 

2.78il..56 

0040 

00 

4 

5.08 

11..50i 0.022.05 

S 0040' 8.40 

3i{ 

; 2.47 

4.01 

2.8Sil.51 

5540 

55 

4i\( 

5.88 

12.0.81 5.7.51.07 

S 5540 7..50 

8,'„ 

. 2.2 1 

8.41 

2.071.41 

5040 

50 

5^ 

4.87 

0.04 4. 0.84. .88 

i 

.8 .5040 0.02 

2K; 

, 1 .05 

2.72 

1.7-1 1.37 


A. R. 

A. Rails— Type A 

A. R. A. 

Splice Baus— Txpe A 



— 

- p 



- - -j - - - — 

1(M)20: 100 

0 

0.84 148.04 15.04:2.75 

SI 00201 10.04; 4:^1 

5.00 

21.807.882.02 

0020 00 

5 >; 

8..82 ;88.7042..502..54 

S 0020' 10.04' 4,’^^. 

4.00 

10.100.801.01 

80201 80 

5 j 8 

7.80 128.80 10.242.81 

S .8020 18.48; 8K| 

8.05 

10.184.571.72 

7020! 70 

4 , 

0.82 21.0.5 8.212.20 

S 7020:11.04: .8J,7. 

8.48 

7.428.081.48 

0020 00 

4'^ 

.5.80 '1.5.41 0..502.I8 

1 

S 0020! I0.08i 

8.18 

<1.228.10 1.52 

A. R. 

A. Rails— Type B 

A. R. A. Splice Bar-s— Type B 

10030 100 

5^i 

0..8.5 ill. 80 18.702.03 

S100,80i 10.02 A, 7. 

4.08 

14.84 0.801.88 

00.80 00 

4, 'A. 

8.87 .82.801 1.4.5, 2.-14 I S 0080i 14.-42 8fii 

4.24 

10.104.71 1.07 

8030 80 

41S 

7.<J1 B.'i.lO !I.3K2.27 

1 1 1 

S 80.80H2.0.5 8‘s 

i I 

li.72 

7.708.701.50 


Light Rails 


Light Rail Splice Baks 


4540- 

45 

3U 

4.10 

8.13 

4.251.781 S 

4540 5.80 

404(^ 

40 

3 la 

8.04 

0.57 

3.021.08 S 

lO lO! .5.(K) 

354()| 

35 

3i^ 

3.14 

.5.17 

3.02 1.00 [S 

3510| 4.58 

304(> 

30 

3U 

3.00 

4.00 

2.531. .52 Is 

8010! :i.c)7 

2540: 

25 

2 '^1 

2.30 

2.50 

1.771.33 [S 

2.540! 2.20 

2040: 

20 

2H 

2.(M) 

1.04 

1.48 1. 27 !|S 

2040 1.87 

lOlOj 

10 

2 % 

1 1.55 

1.24 

i.Ol 1.15liS 

10401 1.70 

144(1 

14 

2* 

1 1-34 

0.70 

0.781. 02 ijS 

1410i 1.30 

12401 

12 


1.18 

1 0.00 

0.080.00 |;S 

1210 1.30 

10401 

10 

1% 

0.00 

i 0.40 

0.400.87 II H 

1040 0.085 

8401 

8 


0.77 1 

1 0.20 

0.820.751,8 

840,0.747 


rR 

2iU 

Ril 

m 

HI 

US 

w* 


1.70 
1.17 
I .;tr, 
1.17 
0.05 
0.55 
0.50 
0.40 
0.40 
0 . 21 ) 
I 0.22 
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CARNEQIB STEEL COMPANY 


MOMENTS OF INERTIA OF RECTANGLES 

In Widths from *4 to % Inch and 1 Inch 

Neutral Axis Through Center Normal to Depth 

'I’his and the following tai)lo may l)o nstid in computing iJie 
Moments of Inertia of Plato Girders, Golumns and other com- 
pound sections in which plates are used : see pages KjS ami 169. 


Width, Ijichia 



, 0410.667 
3il 1717.333 
3122.000 
14634.667 
6269.333 
18000.000 
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ELEMENTS OP SECTIONS 


MOMENTS OF INERTIA OF RECTANGLES 

In Widths of 1 Inch 

Neutral Axis Through Center Normal to Depth 

To obtain tlio Moment of Inertia of any reei angh!, multiply 
the tal)ular value for its depth by its wicith in indites. For deeper 
rectangles of tubular thickness, multiply the tabular values for 
half their depth by 8; or for oni'-third their depth by 27, etc. 


0 


1 


I I< 1 

Depth, 

Inches 

I.-, 

Iiiclica + 


I 1-1 

Inchta 

Dtpth, 

Inches 

III 

Inches ‘ 

Depth, 

Inches 

Inches ■> 

! .000 

0 

18.000 

12 

144.000 

18 

480.000 

24 |ll.52.0()0l 

80 22.50.000 

.000 


10.140 

W 148.517 

A' 406. lOi) 

ts 1170.001 

2278.248 

.001 

*'4 

20.845 

'4 

1.58.180 

3-1 

.500-58.8 

A M88.87li 

>4 2800.72 1 

.004 


21.500 

iLk 

1.57.020 


517.012 

?K 1200.818 

•'« 2885.4.84 

.010 

H 

22..SS5 

1 2 

102.700 

la: 527.685 

3:; 1225.5 10 

3 j 2801. 885 

.020 

Vs 

21.281 

'hi 

107.002 

'A 

.588.408 

pK 12 14.801 

Vx 2808.575 

‘ .085 

^4 

25.020 

A 

172.728 

iU 

540.81 7 

“4 1208.410 
Js 1282.0.50 

■34 2128.001 

.050 

Is 

27.070 

A 

177.858 

Jh 

500.870 

2 1.52.071 

.088 

7 

28.5.S.8 

18 

1 88.088 

.0 

571. .588 

125 11802.088,81 2482.588 

.110 


80.142 

A 

188.410 

A 

582.080 

H 1821.718 

1x2512.787 

i .1()8 


81.7.57 


108.8,50 

3. 

504.441 

3i 1841.588 

>4 2548.1.82 

, .217 

•Ja 

88.428 

h 

100.880 


000.000 

Jk 1801.501 

2578.771 

I .281 


8.5. 1.5() 

h 

205.081 


017.000 

020.800 

3:^1.881.781 

3-j 2(504.050 

.858 


80.044 

A 

210.770 


A 1402.202 

6x2085.787 

I .1 17 


88.700 

A 

210.0.84 

A 

041.078 

a.i 1422.821 

34 2(507.105 

.510 


10.008 

h 

222.500 

0.54.245 

A 14 18.044 

>«2008.702 

.007 

8 

42.007 

14 

228.007 

20 

000.007l2<) : 140 1.007 

82 i2780.(5(57 

.800 

h 

41.008 


284.847 

Is 

670.245 

Jj, 1 18.5,808 

3x2702.702 

.040 

'4 

40.70.8 

^4 

211.187 

3 i 

601.840 

34 1.507.824 

34:27 05.1(58 
J8'2827.7U7 

1.110 


48.052 

h 

247..588 


704.871 

A 1528.001 

1.802 


51.177 


254.052 

1 

717.027 

3 a 1550.802 

V.V2800.077 

1..507 

H 

58.108 


200.(j70 

A 

731.141 

1572.851 

6'8'2S1)8.812 

1.788 

h 

55.827 

•'?4 

207.42 1 

iLi 

741.51 1 

«4 1.505.108 

3.42027.202 

1 .080 

14 

58.2.54 1 

A 

274.277 

Js 

758.051 

Jh 1017.575 

3x20(50.840 

2.2.50 

;) 

00.750 

15 

281.250 

21 177 1.7.50 

27 11040.250 

88 i2004.750 

2. .548 

H 

08.317 

K 

288.840 

la 

785.618 

3„1008.180| t«302S.011 

2.801 

'A 

05.054 

A 

205.548 


700.052 

3., 1080.2801 34 8008.820 

8.204 

% 

68.005 


802.875 

la 

818.880 

3.K 1700.547 

3 s 8008.000 

8.578 

H 

71.448 

A 

810.828 


828.108 

>.,17.88.078 

3:^.81.82.048 

8.070 

H 

H 

74.805 

817.801 

H 

812.727 

1750.814 

lx 8 108. 150 

4.805 

77.288 

hi 

825.582 

•li 

857.420 

a, 1780.770 

3 , 8208.014 
^x. 8280.841 

4..S40 

A. 

80.247 

h 

888.800 

A 

872.294 

Js 1804.048 

5“88;} 

110 

88.888 

I0~ 

841.888 

22 

887.388 

28 1820.888 

84 18275.833 

5.840 

Ti' 

80.408 

A 

840.800 

A 

002.545 

A 1858.048 
Vi 1878.778 

I'X 88 11.502 

0.807 

A 

80.741 

A 

'A 

8.57.5S5 

A 

017.028 

348848.117 

0.078 

H 

08.001 

805 000 

A 

088.480 

% 1008.828 

•1x8884.000 

7.504 

? i 

90.100 

A 

874.844 

A 

040.210 

A 1020.004 

Jo 842 1.9(50 

8.244 

Vh 

00.05.5 


882.010 

Vii 

005.127 

«:•„ 10.54.,588 

6x8459.800 
V4 ,8400.900 

8.081 

?4 

108.525 

.801.018 

h 

981.212 

», 1080.805 

9.0.55 

J« 

107.178 

A 

400.4.52 

’’it 

907.475 

Jii2t)00.240 

Js8584.772 

10.417 

11 

n 0.01 7 

17_ 

400.417 

28 11018.917 

20 12082.417 

85 I8.572.017 

11.218 

H 

114.741 

A 

418.515 

A 1080.538 

2058.81 1 

3^8011.334 

12.0.59 

A 

118.052 

A 

A 

427.740 

A 1047.840 

34 2085.1841 

3480.50.027 

12.041 

A 

1 22.052 

487.118 

H 1004.828 

3''82 112.285 

^88(588.004 

, 18.805 

Aj 

120.740 

A 

440.015 

1081.490 

3^2180.805 

3^8728.240 

14.832 

H 

1.80.018 

H 

A 

450.258 

A 1098.839 

6^2100.070 

3^8707.763 

15.843 


185.180 

400.080 

11 10.874 
% 1184.094 

»42104.218 

^'62221.002 

343807.561 

1 10.808 

iil 

180.547 

Ji 

475.045 

K 3847.641 

18.000 

12 1 

144.000 

118 

486.000 

24 11152.000 

30 |2260.06o 

36 18888.000 
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CARNEGIE STEEL COMPANY 

HOLLOW HOUND SECTIONS 

Areas and Radii of Gyration 



V : 0.7854 (D^-dz) sq. in, 

* J liadius i)f jyyraf.ion — in. 


Uia. 

Inches 

Elements !• 

Thickness in Inches 

L : ‘hu: -‘A 1 '.5 i Yh I % 1 's i 1 ! i‘/»| iVt| 1 «; 1 nii 1 iYh I 

2 

r 

1 . 37 ; 1.66' ' ^ ' 

0.63' 0.61 • 

3 

.V 

2.16 2,64 : , - 


r 

0.98,; 0.96 1 

4 

_A 

2 . 95 ; 3.62' 4.27! 5.50 i , ' 


r 

1.33| Ull T.2iiri.25: ' 1 : 

_ 

A 

3.73 4.60( 5.45| 7.071 8.5910.01 , , > ~ 


r 

r68l i,66l 1.64! 'i.eol lie! ' 1 . 53 I j j ' • i 


A 

4.52| 5.581 6.63| 8.64 1 0.5512.37114.09, 15.71j ‘ 


r 

2 . 03 ! 2.0l| 1.99|'l“95| i,'9l| 1.88,' 1.841' I. 8 O 1 i 1 j : 


A 

5.30 6 .r. 7 | 7.80 1 0.21 12.52'14.73|16.8418.85:20.76!'22..58i ’ 


I'l 

2 , 39 ! 2 . 37 ! 2735! 2.30i 2.27' 2.231 27l9r2.I5! 2.12' 20«l 1 i 



A li.i;* 7 ;,:,. H/A-i p.vz~r 

2 70 ! 8-66 | 3.62 1 vA Zm\ af)0l 2.4(^' 2.43| 2.39'' 2 36' 

A_i 6.87! 8.5;; 10.1(il3.:{.^, 16.4419.44 22.3325.132783|303|l29li~4!l7fi' 
j:_| 3.091 3.07! 3.0n! 3.0l | 2.9? ! 2.93 | 2.89r2.85! 2.8l | 2.781" 2.74i 2 701' 2<h 

.\ J>.5n 1.34 I4.ir2 18.4 i;21.79 25J8!28.2731.3tete^ 

JL .a.45 ! _3.43 i .3.4l ! 3.36 1 3.32j 3.28 1 3.24| 3.26 | '3.16| 3.13 S.Uaj' 3.65 “ 3.liv 
A 8.44Ij.l.4912.52l6.4920.3724.15;27.8331.4234.96'38.29| 41.58 44.77'478(i 
_r__^)!j.78|A76| •i.7^ \ 3.67 1 3.63 1 1.591 1.55 1 3.5ir3.48!~3.44r 3 40 ' 3 36 
.\_ 9.23 1 1,47:13.701 8.06 22.33 26..5 1| 30.58 34.56 38.44'4 1.22|~» “4948 
_L. 4,1 6| 4.13 | 4.1 i j 4.071 4.031 3.991 3.9513.911 .3,871 3.83! 3.79!' 3.75 “3 71 
•VjlU.Ol 12.461 4.8719.63,24.30128.86 33.33.37.7041.97 46.14 50.22114191^ 


_ 28 .t .2 3 iM';i . , ; 

_2..39 !' 2.36[ I 

32.941 35 . 34 ! 37 . 65 ! 39.86 
2-74 | 2.70 i ' 2.67 j '"2.64 ' ' 

_37.26!_40.06_42,76! 45.36 47.86 50.27 

3.09 | 3.05 3.1>2 ! '" 2.98 '2.95 2.92 

J1.58| 44.77 47.86 60.85 _ 53,75| J6.55 
~3.44 | 3.40 3.36 3.33 3.29 3.26 

45.9o| 49.48 62.97 56.36 M.64 J2.83 

3.79 1 3.75 3.71 3.68 ' 3.64 3.61 

60.22j 54.19 58.07 61.85 65.53 69.12 ■ 


' 67.35 71 42 7.5.40 
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ELEMENTS OR SECTIONS 

HOJ.LOW SQUARE SECTIONS 

Areas and Radii op Gyration 



Area. = 1)2 — d® sq. in. 


Radius of gyration= 


\/I)2 |-d2. 

\ 


Bide 

D. 

Inches 

2 

-3 

a 

0) 

a 

3 

A 

r 

1.75 

.72 

“;i(i 

2.11 
’ .70 


'riiickiMss, t, Inches 
••:s ! 1 -s 1 1 |i«/sjll4 1% 


',i 

A 

r 

2.75 

U3 

3.36 

“l.lO 

— 




4 

A 

r 

3.T5 

T.53 

4.61 

'ui 

5.44 

1.49 

7.00 

144 

1 ^ 


Fi 

A 

v 

4 75 
1.94 

5.86 

1.92 

6.94 

1.89 

9.00 

m 

10.94 12.75j 

1.801 1.761 ’’ 

-j : ■ 

,■ - 

0 

B 

5.75 

“2.35 

7.11 

2.33 

8.44 

2.30 

11.00 

'2'^ 

13.44 

2.'21 

15.75) 7.94 20.00; | i 

2.171 2121 2.081 1 ■ “i 

■ : : -- 

7 

§ 

ti.75 

'2.76 

8.36 

2.73 

9.94 

'2.71 

13.0015.94 
'2.66| 2.62 

18.7521.44:24.0026.44:28.75 

■2.57r253| 2.48|'244! 2.40 

- 

i ■ 

s 

' a' 

r 

7.75 

3,17 

9.61 

3,14 

11.44 

3.12 

15.0018.44 
3.07 3.02 

21.7524.9428.00 30.9433.75 
2.98 293r2.89| aSlI 'aSO 

36.44 

'27“6 

39.(10 1 i 

■2.72. 1 ■ “V 

9 

A 

r 

8.75 

"3.57 

10.86 

3‘.55 

12.94 

3.53 

17.00:20.94 

'3.4fJ'3.43 

24.75,28.44132.00135.4438.75 
3.381 3.34i 3.29| 3.251 3.20 

41.94 

3.16 

4.V00| 47.94! 50.7.^. 
3.12! 3.O81 3.05 

1 

10 

A 

r 

'9.75 

'3.98 

12'.fl 

3.96 

14.44 

'3.93 

19.00;23.44 

3.88f3.M 

27.75 31.94’36.00 39.94143.75 
3.791 3.74|3.70i'3.65r3.61 

47.44 

' 3‘i57 

51.00| 54.44| 57.75 
3.521 3.481“ 3.44 

60.94 

3.40 

64.00 

3.37 

11 

A 

r 

10.75 

4.39 

13.36 

4.37 

15.94 

“4.34 

21.00125.94 
"4.2ffl 4.24 

30.7535.44 
4.20 4.15 

40.00'44.44'48.75 
4.I0I 4.061 4.01 

52.94 

'3.97 

57.00: 60.94j 64.75 
3.93| 3,881 3.84 

68.44 

3.80 

72.00 

3.76 

12 

A 

r 

11.75 

4.80 

14.61 

477 

17.44 

4.75 

23.00 i.44 
4.70 4765 

33.7538.94 
4.60 4.56 

44.00 

"4.51 

48.94 

4.46 

53.75 

'4.42 

58.44 

4.37 

63.00 

4.33 

67.44 

4.29 

71.75 

4*25 

75.94 

4.20 

80.00 

4l6 


A 

r 

12.75 

5.21 

15.86 

5.18 

18.94!25.00 30.94 
5.16| 5.11 5.06 

36.7542.44 
5^01 4.96 

■ 

53.44 

'4.87 

58.75 

482 

63.94 

4.78 

■B 

73.94 

4.69 

78.75 

4.65 

83.44! 88.00 
4.6r 4.56 

14 

A 

r 

13.75 

5.6l 

17.11 

6.59 

20.44127.0033.44 
5‘5^ 5.51 5.47 

39.75 45.94.52.OOi57.94 

5.4'2 5.37| 5.32| 5.28 

03.75 

5.23 

69.44 

5.18 

75.00 

5.14 


85.75 

■5.05 

90.94j 96.00 
“5.0“li 4.'97 

15 

A 

r 

14.75 

6.02 

18.36 

6.00 

21.9429.0035.94 
6.97 5.92|'5.87 

42.7549.4456.006244 
5.83 5i^“5.73 5.68 

68.75 

5.64 

74.94 

5.59 

81.00 

5.55 

86.94 

'5.50 

92.75 

5.46 

98.44104.00 
5.4 li 5.37 

10 

_A_ 

r 

15.75 

6.43 

19.61 

6.41 

23.4431.0038.44 
&38 6.33 6.^ 

45.75 5294:60.00 
“6.23 6.19j“6.i4 

66.94 

6.09 

Efiil 

■ 

87.00 

5.95 

93.44 

“5.91 

99.75 

5.86 

10.5.94 

5.B2 

112.00 

5.77 

17 

A 

r 

16.75|20.8G 

m\ 6.81 

24.94133.0040.94 
6.79|“6.74| 6.69 

48.75|56.44'64.00 
6.64 “ftSo! 6.54 

71.44 

6.50 

78.75 

6.45 

85.94 

6.40 

93.00 

6.36 

99.94 

6.31 

106.75 

“6.27 

113.44 

6.23 

H 

l.S 

19 

A 

r 

A 

r 

17.75122.11 
7.25 7.^ 
18.75I23.36 

26.4435.0043.44 
7.20 7.15 7.10 
27.9437.0045.94 

51.7559.9468.00 
7.05“ 7io6r 6.95 
54.75j63.44 72.00 

75.94 

6.90 

80.44 

7.31 

83.75 
6.86 

88.75 
7.26 

91.44 

0.8i 

96.94 

99.00 

676 

105.00 

7.17 

106.44 
' 6.72 
11294 

■7:12 

113.75 
6.67 

120.75 

120.94 

6.63 

128.44 

128.00 

'“6.58 

136.00 

7“66| 7.^ 

7.61 7.56 

7.51 

7.46 

7.41 7.36 

7.22 

7.08 

7.03 

6.M 

20 

_A. 

19.75|M 

29.4439.00 

8;or7.96 

48.44 

7”91 

57.75 

7.87 

66.9476.00 

'7.'82|'7.77 

“7.72 

93.75 

767 

10244 

7i62 

111.00 

7.58 

119.44 

127.75 

135.94 

144.00 

~7.38 

r 

8.06| 8.04 

7.53 

7.49 

7.44 
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CARNEQIB STEEL COMPANY 


RADII OF GYRATION FOR TWO EQUAL ANGLES 



Sinclo Angle ■ 

Two 

.Anghfl 


Radii of Gyration, Inches 



Weight, 

Ar., 




Axis 2-2 



Inches 

I’uhiuIh 
per Fi)i)t 

Iiichffl- 

.... 
Axis 1-1 

In ! 

(nntuct , 

4" Apart 

'•ii'" Apart ' ',. 

" Apart 

H" A])art 

8x8 xlt^ 

.'.♦5.0 

22.4(> 

2.12 

2.42 

2.51 

!(.55 

2.(50 

2.09 


42.0 

24.(58 

; 2.40 

2.27 

2.40 

2.. 50 

2.55 

2.04 

H 

2(5.4 

15.50 

; 2.51 

2.22 

2.41 

2.45 

2.50 

2.59 

6x0x1 

27.4 

22.00 

I..S() 

2.59 

2.0,8 

2.72 

2.77 

2.87 

j/. 

2(5.5 

15.5(5 

1.82 

2. 54 

2.02 

2.(57 

2.71 

2. SI 

?8 

14.9 

8.72 

1.88 

2.19 

2..58 

2.(52 

2.(50 

2.75 

6 X 5 X I 

20.(5 

18.00 

1.18 

2.19 

2.28 

2.22 

2.28 

2.47 

n 

21.8 

12.80 : 

1.51 

2.12 

2.22 

2.20 

2.21 

2.40 

•'ii 

12.2 

7.22 1 

1.5(5 

2.09 

2.17 

2.21 

2.2(5 

2.25 

4x4 XL] : 

10-9 

11.08 ^ 

1.18 

1.75 

1 .85 

1.89 , 

1.94 

, 2 m 

}'i\ 

(5.0 

2.88 1 

1 .25 

1.(50 

1.75 

1.79 i 

1 .84 

1.92 

3,b5x2]i2X],] 1 

17.1 

10.00 i 

1 .02 : 

1.55 

1.05 

1.70 : 

1.75 

I 1 .85 


5.8 ; 

2.28 ; 

1.09 ; 

1.40 

1.55 

1.59 

1.(54 

I 1.72 

2 X 2 X « ! 

11.5 

(5.72 

0..SS ' 

1 .22 

1.41 

1.10 

1.51 

1 l.Ol 


4.9 1 

2.88 ; 

0.92 ■ 

1 .25 

1.24 

1 .28 ; 

1.42 

1.52 

2 ! 2 x 2 ! 2X ' 2 1 

7.7 

4.50 

0.74 

1 .09 

1.19 

1.24 

1.29 

1 1 .29 


4.1 

2 . 2 s j 

0.77 

1 .05 

1.14 

1.19 

1.24 

1 .24 

2x2 X,';,; 

5.2 

2.12 1 

0.59 

0.88 : 

0.98 

1.02 1 

1 .08 

1.19 


;{.19 

1.88 1 

0.01 

0.S5 ; 

0.94 

0.99 ! 

1.04 

1.14 


Tills table and tlio two following are employed in oonipiil int? the safe 
resistaneo to eompn^ssive str<>ss of two angles. ba<-k to back, used as a strut 
or as the compression <;hord of a roof truss, etc., as follows: 

Obtain fi-oiu the c«)nipr( 5 .ssiori formula, in use the allowe<l stre-ss per .s<|uaro 
inch corresponding to the ratio of slen(.lenie.ss of tln^ .section, and multiply 
that value l)y the area. 'I’ho result will bo th(3 allowable compressive sfn;.ss. 

Example 1. Section given. Itequired the sah? load in compression as per 
formula f -I'.lOOO - 100 1 r on a strut com|)osed of two angles 1" x I" x J 4 ". 
back to back, with an unsupported length of ftsel.. 

Area of Sectoji, A square inchc«; lj< 3 ast Jtadiiis, r=1.2r). 

Katie of Slenderness, 1/r — 9 x 12 : 1.25=80.4. 

Allowed Unit Sin^ss, f - 19000—100x8(5.4^ 10.100 pounds per .square inch. 

Safe Load, Af - :i..s.S x 10200=^40200 pounds. 

Example 2 . Stress given. Ke«iuired a section for a member in compression 
12 ' 2 " long, made of two angles .separated by f a inch gusset plates, to resist a 
total stress of 2.1000 pouml.s; ratio of shmderness not to exceed 120 . 

Assume 2 angle.s, .I" x 2 " x hmg legs, back to back. 

Area of Section,.! -= 4.80 scpiare inches; Least Kadius, r= 1 . 2 (i inches. 

Ratio of Shmderness, 1 /r ^^12.26 x 12 : 1.2(5=110.7, 

Allowed Unit St niss, f - 190(M)— 100 x 1 10.7=7220 pounds per square inch. 

Safe Stress, Af - 4.80 x 7220-25200 pounds. 

In the first case the least radius is that about axis 1 - 1 ; In the second ease 
about axis 2 - 2 ; in all cases the least radius determines the ratio of slenderness 
and therewith the allowed safe compn^sslvo stress. In all cases also the two 
angles are to bo secured together by stay rivets so spaced as to insure that the 
section acts as a unit. 'I'he ratio of .slenderness of any single angle between 
rivets must always bo loss than tliat of the strut or compression chord. 
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ELEMENTS OF SECTIONS 

RADII OF GYRATION FOR TWO UNE(2UAL ANGLES 

Ix>nR Legtt Vertical 


-iih'to-yi" 


V, ^ 

; 

j 

■; ■ 





1 

1 

■■ i 1 i 


• 

V 

1 



Single Angle AiigTcs ' Hadii of Cyraliori, IikIich 


Size, 

Inclu’B 

Woiglil, 
I'oiirula 
per Kool 

Area, 

IiicIkw- 

Axis 1-1 

In 

Cont.'ut 

',i" A|uir 

AxiH ‘i-2 

•‘s" Aparl * •/' .\i)arl® 4 " Apart 

8x0x1 

■11.2 

20.00 

2.10 

2.30 

2.18 

52 

2.57 

2.00 

'*.1 

33.8 

10.88 

2.53 

2., 35 

2.44 

2.48 

2 .52 

2.01 

111 

20.2 

11.80 

2.57 

2.31 

2.30 

2.43 

2.48 

2.50 

8 x;i ' mx 1 

3 1 

3.5.7 

21.00 

2.51 

1 .20 

1.35 

1.40 

1.45 

1.55 

27.5 

10.12 

li.T).") 

1.20 

1.20 

1.34 

1.30 

1 .40 

i'll 

1 0.5 

0.08 

2 .. 50 

1.15 

1.23 

1.28 

1.32 

1.41 

7 x.'D^Jx 1^ 

32.3 

10.00 

2.10 

1.31 

1 .40 

1 .45 

1.50 

1.00 

23.0 

13. .50 

2.23 

1 • 

1.34 

1.30 

1.44 

1.53 

?8 

13.0 

7.00 

2.27 

1.20 

1.28 

1.33 

1.37 

1.40 

0x4x1 

30.0 

18.00 

1 ..S5 

1.00 

1.00 

1.74 

1.70 

1.80 

n 

21.8 

12.80 

1.80 

1.55 

1.03 

1 .08 

1.73 

1.82 


12.3 

7.22 

1.03 

1 .50 

1..58 

1.02 

1 .07 

1.70 

0 x3)2X 1 

28.0 

17.00 

1..S5 

1.37 

1.47 

1 .5 1 

1 .50 

1.00 

20.0 

12.12 

1..S0 

1.31 

1.41 

1 .45 

1.40 

1.00 

1 0 

0.8 

5.74 

1.05 

1.25 

1.33 

1 .37 

1.42 

1.50 

5x4 xjs 

24.2 

14.22 

1 .52 

1 .00 

1.70 

1.80 

1 .85 

1 .05 

% 

\l.O 

0.40 

1.50 

1..58 

1.00 

1.70 

1.75 

1.85 

5 x332xJ| 

22.7 

13.:m 

1 ..53 

1.42 

1.51 

1 .50 

1.01 

1.71 


8.7 

.5.12 

1.01 

1.33 

i 

1.45 

1.50 

1.59 

5 X 3 xli 

10.0 

11.08 

' 1.55 

1.18 

i 1.27 

1.32 

1.37 

1.47 

1 1I 

8.2 

4.80 

l.OI 

1.00 

i 1.17 

1.22 

1.20 

1.35 

43'2X 3 xj| 

18.5 

10..S0 

; 1 .38 

1.21 

1 1.31 

1 1 .30 

1.41 

1.51 

1(1 

7.7 

4.. 50 

1.44 

j 1.13 

j 1.22 

} 1 .20 

1.30 

1.40 

4 x332x1S 

1 8.5 

10.80 . 

j I.IO 

j 1.50 

i 1.50 

! 1.04 

1.00 

1.70 

i'll 

7.7 

4.50 

1.20 

1 1.12 

1 1.51 

; 

1.00 

1.00 

4 X 3 X h? 

?4 

17.1 

10.00 ^ 

' 1.21 

1 

1 1 .3.5 

1.40 

i 1 .45 

1 .55 

5.8 

: 3..38 

1 .28 

; LUi ! 

j 1.24 

1 1.28 

1.33 

1.43 

3>3ix 3 X 

15.8 

0.24 

1 .04 

1.30 

1.40 

1 1-45 

; 1..50 

1 .00 

M 

5.4 

;! 3.12 

1.11 

1 1.20 ! 

! 1.20 

1.34 j 

1.38 

1.48 

3 3^x2 3^xU 

12.5 

7.30 

1.00 

1 1.03 

1.13 

! 1.18 

1 1 .23 

1 .33 

*4 

4.9 

3 2.88 

1.12 

1 0.05 1 

1 .04 

1.00 1 

1 1.13 

1.23 

3 x2 3';2X,';, 

0.5 

5.50 , 

O.Ol 

1.05 

1.15 

1.20 

1.25 

1.35 

u 

4.5 

i 2.04 

0.05 

i 1.00 

1.00 

1.13 

1.18 

1.28 

3 X 2 x '2 

7.7 

: 4.,50 

0.02 

0.80 

0.80 

0.04 

1.00 

1.10 

3'4 

4.1 

: 2.38 

0.05 

0.74 

0.84 

0.88 

0.03 

1.03 

23^X 2 XH 

0.8 ! 

! 4.00 

0.75 

0.84 

0.04 

0.00 

1.04 

1.15 

3.02 I 

i 2.12 

0.78 

0.80 

0.89 

1 0.93 

0.98 

1.08 
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RADII OF GYRA PION FOR TWO UNEQUAL ANGLES 

Short Lcrb Vertical 


nr 

2! 2; " 

Siti;^!i' Atifflt! i' Railii of Cynitum, IiiclifS 


Size. 

J iu;lu'3 

Weit^hh, i 
i'nuiuis i 
jier I'lKit 

.Area, 
i iurh(.‘8- 

Axis 1-1 

In 

Contaet 

' 4 " Apart 

A\i.s 2-2 

Apart’/' Apart 

Apart 

8 X (■» X 1 

41.2 

20.00 

1 .73 

3.04 

3.73 

3.78 

3. .83 

3.02 

'^4 

33. H , 

10.88 

1.70 

:i.oo 

.3.00 

3.73 

3.78 

3.87 

\u 

20.2 

1 1.80 

1.80 

3.55 

3.04 

3.08 

3.73 

3.82 

8 xii.'ax i 
'^4 

33.7 

2 1 .00 

0.80 

4.04 

4.14 

4.10 

4.24 

4.34 

27.5 

10.12 

0.88 

3.00 

4.00 

1.1.3 

4.18 

4.28 


To! 5 ' 

0.08 

0.02 

3.03 

4.02 

4.07 

4.12 

4.22 

7 x:i ) ,.x i 

32.3 , 

10.00 

0.80 

3.48 

3.58 

3.03 

3.08 

3.78 


23.0 ; 

13.50 

0.02 

3.12 


3.57 

3.02 

3.72 

:'k 

13.0 

7.00 

0.00 

3..30 

ilO 

3.50 

3..55 

3.05 

0x4x1 

30.0 ‘ 

18.00 

1.00 

2..S5 

2.05 

2.00 

3.04 

3.14 

j.\ 

2 1 .H 

12.80 

1.13 

2.70 

2.. SO 

2.03 

2.08 

3.08 

■' s 

12.3 

7.22 

1.17 

2.74 

2.83 

2.87 

2.02 

3.02 

6 x:{ ' ;.x 1 

28.0 

17.00 

0.02 

2.02 

3.02 

3.07 

3. 1 2 

3.22 

i" 

20.0 

12.12 

0.05 

2.87 

2.00 

.3.01 

3.00 

3.10 

/li 

0.8 

5.74 

1.00 

2.81 

2.00 

2.05 

3.00 

3.09 

fi X t \ ' , 

24.2 : 

14.22 

1.14 

2.20 

2.38 

2.43 

2.48 

2..5S 


11.0 i 

0.40 

1.20 

2.20 

2.20 

2.34 

,2.38 

2.48 

5 x:L-..xJh 

22.7 ; 

13.34 

0.00 

2.30 

2.45 

2.. 50 

2.5.5 



' i 

5.12 

1 .03 

2.20 

2.35 

2.30 

2.44 

2.. 54 

5 X :i x^i! 

1 10.0 i' 

11.08 

0.80 

2.42 

j 2.52 

2.r>7 

2.02 

2.72 

''>■2 ' 

, 4.80 

0.85 

2.33 

' 2.42 

2.47 

2..52 

2.01 

4,4x \i xi,: 

j 18.5 ‘ 

10.80 

0.81 

2.15 

j '2 2.5 

' 2.30 

2.35 

i 2.45 

7.7 

4.50 

0.87 

2.00 

2:15 

! 2.20 

2.25 

; 2.34 

4 x.'i.' jxj;} 

: 1S.5 , 

; 10.80 

1.01 

! 1.81 

i 1.01 

i 1.00 

2.01 

j 2.11 

ill 

I 7.7 :| 

i 4.50 

1.07 

: 1.73 

1.81 

i 1.80 : 

1.01 

I 2.00 

4 X 8 X j i| 

17.1 ' 

10.00 

0.83 

i 1 .88 

1.08 

2.03 

2.08 

2.18 

L 

5.8 |j 

i 3.,38 

0.80 

[ 1.78 

1.87 

1.02 

1.00 

2.06 

:mx 8 xM 

15.8 j| 

! 0.24 

0.85 

! l.Ol 

1.71 

j 1.76 

1.81 

1.91 

L 

; I 

3.12 

0.01 

1 1..52 

1.01 

1 1.05 

1.70 

1.80 

3^2X2 'aX j.\ 

1 12.5 ii 

7.30 

0.00 

l.OO 

1.75 

1.80 

1.86 

1.96 

k 

! 4.0 il 

2.88 

0.74 1 

1..58 

1.07 

1.71 

1.76 

1.86 

3 x2 ViK A 

0.5 |l 

5..56 : 

0.72 1 

1.37 1 

1.40 

1.51 

1.56 

1.06 

'A 

4.5 I 

2.04 

0.75 

1.31 

1.40 

1.45 

1.50 

1.59 

3 X 2 X ! V 

7.7 i 

4.50 i 

i 0.55 

1.42 

1.52 

1.57 

1.62 1 

1.72 


' 4.1 || 

2.38 j 

i 0.57 j 

1.38 i 

1.47 

1.52 

1.57 

1.67 

2Hx 2 x'ij! 

0.8 Ij 

4.00 

1 0.56 

1.15 

1.25 

1.30 

1.35 

1.46 

Li 

3.02 i! 

2.12 1 

I 0.59 1 

1.11 

1.20 1 

1.25 

1 1.30 1 

1.40 
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FLEXURE FORMULAS 


STRESSES IN BEAMS 

In the application of tlic principles of structural mechanics to 
determine what sections should be use<l safely to sustain super- 
imposed loads under specifie<l condilions of loading, it is necessary 
to ascertain, first, the effects produced on tlie structure by the loads 
under thosi' conditions; second, to deiride what unit strength the 
material, tin' use of which is contemplated, has to resist the stresses 
produced withirj.the structure by the loading; and, third, to select 
a section whose section modulus is equivalent to the ratio found to 
exist, Indvveen the stresses tending to cause (h'forination within 
the structure and the unit strength of the material to resist them. 

Reactions. Ill tlic siiiijih? case of a beam supported at both ends, 
each supfiort rea(d,s with an iqiward pressure eidled the reaction 
of the support, 'fhe sum of these two reactions is eipial to the total 
load on the beam. 

Shear. The loads arnl t he ri'actions of the supports are vertical 
forces tending to sliear or cut the beam across and the stresscB 
they produce within the beam are, tlu'ndore, called shearing 
stresse.s. d'he shear at eacli support is eipial to the reaction of 
the support; the shear at any |)oint between the supports is eijual 
to the reaction of a support less the tot;il load betwei'ii that 
support and the point; or, if the reaction acting upward is 
considiuT'd as positive? and tlie loads, acting downwanls, as 
negative, the shear at any point i.s the algebraic sum of the 
vertical forces acting on the lieam betwei'ii that point and either 
suiiport. ^ 

If such a simple beam supported at both ends carries a load ' 
uniformly distributed over its entire length, tJie r(*.*iction and the 
shear at e?jic,li support is ecpial to one-half the total load on the 
beam, but tlie shear decreases uniformly to zero at the center of 
the span; if the load is concentrated at the center of tlie span, the 
reaction and the sliear at eaeli support are also eipial to oue-lialf 
the total load, but the shear is uniform tliroughout the entire 
length of the beam. 

Bending: Moment. The loads on the beam and the reactions of the ; 
supports constitute external forces which produce bending stress in 
the beam. The summation of the moments of the external forces 
about any point is called the bending moment and varies from 
point to point. It attains a maximum value at a point where the 
shear is either zero or changes from positive to negative or vice 
versa. If the loads are concentrated at several points, the maxi- 
mum bending moment always occurs at the point of application of ; 
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one of the loads so located that the sum of all the loads on the beam 
between one support up to and including that load is equal to or 
greater than the reaction of the support. 

Vertical Deflection. Bending stre.ss within a beam produces flexure, 
and the deflection, or the amount of its departure from a straight 
line, is the measure of the <Ieforination which the beam has under- 
gone in its resistance to bending stress. 8o long as the stress is 
within the safe limits allowed for the mat('rial, the deflection is 
negligible so far as concerns the beam itself; it may, however, be 
of sullicient magnitude to cause the disruption of other materials 
in contact with or supportcal by tin* beam but of less strength, such . 
as plaster. In such eases the limit of allowable deflection may 
determirn^ or at least influence the choice of a section. 

Lateral Deflection, 'riie stresses within a beam under transverse 
loatling are compressivi* on one side of the neutral axis and tensile 
on the other. The tensile stresses tend to hold the beam in a 
straight line between the supports, while the compressive stresses 
tend to defleet it in a lateral direction, just as the bending stresses 
as a whole tend to deflect it in a vertical plane. On long spans 
unsupported against sidewise deflection, this consideration may 
influence the choice of sections. 

Method of Computation. A Complete investigation of the strength of 
beams und(‘r transverse loa<ling must take into account all the 
elements, the bending moimuit, the vertical di'flection, the lateral 
deflection and tlie shearing stress; though under the usual loading 
conditions the first aloiui determines the size and w('ight of section. 

In the calculation of bending stresses, the IoikIjS arc usually 
expressed in pounds, the span length and tlie distance between the 
loads in feet; the resulting bending moments are in terms of foot 
pounds, which necessitates conversion to inch pounds bc'fore the 
section can be selected from the tabh^s. The section modulus of 
the required section is obtained by dividing the maximum bending 
moment in inch pounds by the allowed fiber stri'ss in pounds per , 
square inch. In such calculation.s it is assumed that the neutral 
axis of the section is normal to the line of action of the load. When ; 
this is not the ease, correction must be made for the eccentricity 
of the loading. 

In the pages which immediately follow are given general formulas 
for the bending inoimmts and vertical deflecjtions of beams under , 
the usual conditions of loading, and also diagrams illustrative of | 
those conditions. The general method for the computation of the ; 
maximum bending moment of a beam supported at its ends and i 
loaded at various points is as follows: — I 
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First. Find the reaction at tlje left (right) support by multi- 
plying each load by its distance from the right (left) 8Upi)ort and 
dividing tlie sum of these products by the length of the span. 

Second. Starting from the left (right) end of the beam, add the 
8UC(^e.ssive loads until a point is reached where the sum of the loads 
e(|iials or exceeds the reaction of the left (right) support; the point 
of rnaxinuun Ix'iiding moment is locat(‘d at this point. 

1'hird. Multiply tlie reaction at the left (right) support by its 
distance from tift? point of maximum bending moment ami subtract 
the sujii of the products of all loads to the left (right) of this point 
b}^ the corresponding distance from this jjoint; tlie dilTerence 
between these moments is then the maximum bending moment. 

Exatn])lo: Required the size of a 
stetrl })eaui to suiqmrt the following 
quitweent loads over a clear span of J6 
feet between supports, at a luaxirtunn 
fiber si ress not to exceed liiOOO pounds 
per square incfi. 

Wi = KiOOO pounds, 4 feet from left support. 

W:; . ISOOO “ <j “ 

W’n —■ 2l)()() “ per foot, uTuforni up to 4 feet from right sui)port. 

W> j I30 “ “ “ assumo<l weight of beam uniformly distributed 

over <‘idirt! span. 

U.fl. KuacUou. !WK> » 12 4- K + X 7 I n,,. 

Kight, Ucaaioi., i™ « I I («.. ■■ -21005 ii>a. 

Sumof reactibns---sum of loads - w, + W, + W, I- VV^ - - 1L>'.)(;0 lbs. 

Points of maximum moment ((JO X 4) i 10000 10210 - : 121 :i.'35 

(ooxoj I 10000 I 1X000 - ;{4r>io .. 
therefore the point of maximum bending monuait is at point of loud W j. 

Maximum bending moment, 2i:}55x'J-UiUi.ii)xr)-tr)iix'jjxl,.'i —10070.5 ft. lbs. 

or, 21005x7 (20(M)x4)x5~diiix7)x:{..5 —10070.5 ft. lbs. 

Required section rinxl ul us - ^ ^ 1 ooi ) D ~~ ' * hloocT^ ~ 

As the stxdion modulus of the 15 iucli 05 pound or tlio 18 Inch 55 pound 
beam i.s greater than this, eil her of these sections may bo used. If It is dtxndtxi 


y’-o" -I'-O"-: 

4-0 : 5-0 •: ! ^ 



l,hat the 18 inch 40 pound supplementary beam is strong enough for the 

=10102 


1 *1 1 7 1 SO 

purpose, tlio actual liber stre.s.s on that .set^tion woul<l bo - ■ - gi ^ — 


pounds per square Incli. If tlio allowwi fiber stress were 12500 pounds per 
square Inch, tho recpdral section rmxlulus would lie ^ “ 

L05.38 and tho permissible minimum sections would bo 20 Inch 05 pound, 21 
nch 67.5 pound beams, etc. 
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NOTATION USED IN FORMULAS 
A —Area of section, in square inches. 

n —Distance from center line of gravity to extreme fiber, in inches. 
I =Moment of inertia about center line of gravity, in inches*. 
Ms— Static moment, in inclu^s*"^. 

S =Section modulus=l/n, in inches^, 
r —Radius of gyration - VI/A, in inches, 
f =Bending stress in extreme fiber, in pounds per square inch, 
fb —Resistance of web, in ])ounds per square inch. 

E =Modulus of elasticity, in pounds per square inch. 

L —Length of section, in feet. 

I —Length of section, in inches, 
d —Depth of section, in inches, 
b —Width of section, in inches, 
t —Thickness of section, in inches. 

W, Wi, W'j— ^Superimposed loads supported by beam, in pounds, 
w -- Superimpo!S(‘d load, in pounds per unit length or area. 

W max ^-Maximum safe load at point given, in pounds. 

R, Hi == Reactions at points of Bupi)ort, in {)ounds. 

V = Vertical slu'ur, in pounds. 

M, Ml, M2— Bending moments at points given, in inch pounds. 

M max ^Maximum bending moment, in inch pounds. 

Mr Maximum resisting moment., in inch pounds^-f I/n — f S. 

D, Di -Deflections at points given, in inches. 

D max —Maximum deflection at point given, in inches. 
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COMPARISON OF VARIOUS LOADING CONDITIONS 

The formulas and diagrams on pages 202 to 205 give the various 
stresses in sections used as beams, resulting from usual conditions 
of loading. 

Taking as a unit of comparison a uniformly distributed safe load 
on beams of cfiual length and seciion, siipported at the extreme 
ends, the following table gives the relative maximum safe loads 
or bending moments and deflections. 

As a check on the accuracy of a computation, the safe load 
obtained from the formula for any condition of loading may be 
multiplied by the reciprocal given in the table corresponding to 
such loading condition; the result should be the maximum allowable 
uniform load as taken from beam safe load tablets. 


Conditioua of Loading 

('a»e 

Ni). 

Maximum Safe 
Loud 

Maximum 

Deflection 


Relative 

Jlcciprocal 

Relative 

Bkam Suppouted at PLvdh 





fjoacl uniformly distributed over span 

IX 

1 

1 

1 

Load coiKtontratod at center of span 

V 


2 

.80 

Two equal loads symmetrically concentrated 

VII 

l/la 

4a/l 


Load Increasing uniformly to one end 

X 

.9743 

1.0204 

.976 

I.oad increasing uniformly to center 

XII 


Wn 

.96 

Load docrea.sing uniformly to center 

XI 


% 

1.08 

Bkam Fixed One Knd, Canitleveu 





iOad uniformly distributed over span 

11 i 


4 

2.40 

Load concentrated at end 

I 


8 

3.20 

Load increasing uniformly to fixed end 

III 

•% 

2% 

1.92 

Ibam Continuous oveu Two Supports 





Equidistant from Ends 





joad uniformly distributed over span 

XVI 




1. If distance a >0.2071 1 


l-*/4a2 

4a-/l2 


2. If distance a 0.2071 1 


1 

1-4 a 

1-1 a 

1 


.'L If distance a —0.2071 1 


5.S28.'5 

.1716 


Two equal loads concentrated at ends 

XV 

l/4a 

4a/I 



201 



CARNEGIE STEEL COMPANY 

BEAMS UNDER VARIOUS LOADING CONDITIONS 

Bending Moments and Dei-lections 

I. CANTILEVKK BEAM — Concentrated load at free end 

T I RiCrnax. slioar) = 'W 

■ ' ' ! ; M'max. 

i ’ ' , : . , JM, (listanco x - - \Vx 

f ^ , Mmax, at Jti — W1 


II. CANTILEVER BEAM -Uniformly distributed load 

\ R I (max. shear) = 

• M max. _ . ^ 

I I 1 .M, distuiico X 

: , i Mniax. at III 


HI. CANTILEVER BEAM — Load incrca.'iinK uniformly to fixed end 
y| Ki (max. .shear) — W 


iVt, distance x 



IV. BEAM SUPPORTED AT ENDS -Concentrated load near one end 


-K^(a t 2b) ^ 


\ i R(niax. shear if b>a) — — p- 

! |\ M;max. 

I \ ; Ui(max. shear if a>b)= — i — 


M, distance $ 


Wab 

M max. , at point of load— — j — 



fsi ; 

=== ! 

Wab (a+2b) V3a (a f 2b) I 

27EI1 1 


202 



FLEXURE FORMULAS 


BEAMS UxNDER VARIOUS LOADING CONDITIONS 

Bending Moments and Deflections 

V. BEAM SUPPORTED AT ENDS — Concentrated load at center 



wO 


It (max. shear) — Iti 

AV 

2 

M, distance x 

... Wx 

2 

M max., at point of load 

AVI 

4 

W max. 

_ 'IfS 


Drnax. 

\V13 

“ 4SEI 


VI. BEAM SUPPORTED AT ENDS Two unsym metrical concentrated loads 

W 



Ml 


Jv (max. shear if a<b) — -a I I)) 
Ki 

i\I, (lislaiicoa 


(1 1 a-b) 


r- lia— ^(1-a+b) 


M I max., distance b {b>a) — Ki5)— — 'p (l+a-b) 
W 


]Ma, distance x 
W max. (i)>a) 


— Itx -77-(x a) 
2lfS 

b(l i a-b) 


VII. BEAM SUPPORTED AT ENDS - Two symmetrical concentrated loads 

AV 



II (max. shear) —Ki 
;M, distance x 


_ \Vx 

M max. atafid between loads-- 

2fS 


Ri AV max. 
Dmax. 


Wa 
■ 12E1 


a2) 


VIII. BEAM SUPPORTED AT ENDS -Three concentrated loads 
Ji 



\Vb4 \V,bi i Waba 
1 


Ki 

AlatW 

M max. if AV 
Mat W, 

M max. if AVi+AV 
M max. if AVt + Wa 
MatWs 

M max. if AVa 


Wa i AViUi + W.jaa 
I 

=- Ita. 

-or. It 

— - I{ui-\V(ai-a) 

-- Ror> It 

— It I or > I ti 

— llaa-W (ai:-a)-Wi(a2-ai) 
= llior> Ki 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
Bending Moments and Deflections 
IX. BEAM SUPPORTED AT ENDS— Uniformly distributed load 



M tn;ix. 


Kfniax. slicar)— K.| 
M, distance x 
M mux. at center 
W max. 

Dmax. 


W 
~ 2 ~ 

\Vx 

2 

AYl 

« . 

SfS 

: - 

r>wi« 

' ;{S4E1 


(i-f) 


X REAM SUPPORTED AT ENDS — Load increasini;; uniformly to one end 

W 
3 

'■ '3 


R 



Ui(max. shear) 

M, ilistuncti X 

1 V 

M mux., distance — ^ — - 


W max. 
Dmax. 


W'x x2 . 
. 2WI 


27 fS 
21 V*3 
.013044 Win 

El 


XI. REAM SUPPORTED AT ENDS Load dwreaHina uniformly to center 
JKmax. shear) —li] * 

INI, distance x 
M mux., distance 
W mux. 

Dmax. 



1 


JVl 

12 " 

12fS 


3W13 
“ 320EI 


XII. BEAM SUPPORTED AT ENDS Load increasing uniformly to center 

W 

. Jtimax. .snearj— ivi =- 


: i i ! i I 


- 1; 




]{(niax. .shear)— Iti 
M, illstanco x 
M max., <llstance 
Wmax. 


— WxO^--^jj-) 


WI 

G 

OfS 



FLEXURE FORMULAS 


liEAMS UNDER VARIOUS LOADING CONDITIONS 
Moments and Deflections — Concluded 
XIll. KEAM SUPPORTED AT ENDS Uniform load partially distributed 

_ W(2cl li) 



li (max. slKsir if a :ct- 
lii 

M , dlst. X— a or<a. - Ux 

M I Ui.st. x: • a, — Jlx- 

Ma. (list. X. (a i bj, - - Kx 
M niax.,«lis(.a I 
\V max. 


W(2a f I)) 


Kb Wt2c i bil-bil I b(2c + b)I 


Sl-’fS 


Il'i- i b)[4arrb^2e i bj] 


XIV. BEAM SUPPORTED AT ENDS Uniform load partially discontinuous 
' I ' M max. 


. W (2l-a)+W|(; 

U(max. sli'.iar if W. •^V i ) — 


L. 



lii 

M, distance x • ,a, 
Ml distaiKH^ X >a, 

ISl max.dist.x 
W max. 


^ Rx 


Wi(2l-e)lWa 

m 

AVx-’ 


2\Val-\ Va" i W'lra ii., 


& VVa Wic 


I i’“a 
~2iir 


XV. BEAM CONTINUOUS OVER TWO SUPPORTS Two exterior symmetrical loads 

. 'V 



Ji(max. slu.'iar)=Ki 
M. distance x 
M max., from li to lii 
W max. 
n. distanco a 
I)i, distaiici^-^^a 


' 2 
Wx 

W'a. 

‘ 2 
_j^rs 
a 

\Va(:tal-4a») 

^ — vrFJ — 

Wa(l-2a^2 

= iliET” 


XVI. BEAM CONTINUOUS OVER TWO SUPPORTS Uniformly distributed load 

iv i*i sliear— V- or ( ,1- -a) 

M, “ II- 


li = lii 

M.di.stancox =— j, o. .(x=.j 

Wn2 I— 

Miatliaild lii— — — max. if a > 1( V 

Ala at center aaix. if a < 1( \ 



Wi max. =-p— 
SfS 


max. if a > 1( 


Wa max. max.if a < 
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SAFE LOADS FOR SECTIONS USED AS BEAMS 

EXF’LAXATIOxN OF TAHLES 

The tables of safe loads for structural and supplementary beams, 
I-bearns, cross tie seel ions and clianiiels, used as beams under 
oriditions of transverse loading, give the uniformly distributed 
afe loads in tliousands of pounds for spans customary in bridge 
,nd buililing construction based upon an extreme liber stress of 
0,000 pounds jx'r square incli. The tables of safe Idads for angh'S, 
ees and zcm's giv(! the valu(‘S at the same fiber stn'ss on slums of one 
oot from ndiich the safe load for any span length may be obtained 
)y direct division and also t he values for t hose spans at which the 
.llowed safe load will ])r()duce a deflection of Mjoo of the span length. 
The loads in all cases include the weight of tlui section, which should 
)e dediuMiid in order to arrive at tlie net load wdiich the section will 
upport. 

Jn addition to these usual tables of safe loads, there follow, on 
lie same I)asis, tables of the allowable uniform load in i)ounds per 
oot on beams and chanm*ls for various span hmglhs, w hich may be 
ised in proi)ortioriing the floor syst(‘ms of buildings. The clioice 
)ctween various weights and depths of sections for any given span 
>r any uniform load per running foot may bi^ made on insp(a;tion. 

It is assum(‘d in all cases that the loads arc; appli('(l normal to 
he axis l-I as shown in tlie tables of elements of sections, and tliat 
he beam deflects vertically in the plane of l>ending only. If the 
londitioiis of loading involve the introduction of forces outside this 
)lane of loading, the allowable safe loads must be det.errnined from 
he general theory of flexure in accordance with the mode of appli- 
lation of the load and its ch.aracter. d'his ai)plies particularly to 
insymmetri(;al sections, such as bars and angh'S, wdnch should 
)e us(;d only umler those conditions of loa<ling where the section 
an deflect vertically only, being rigidly securcal against lateral 
leflection or twisting throughout the entire span. In all such 
:ases of eccentric loading, the actual sab* loads would be eonsid(‘rably 
owcr than tlie tabulated safe loads wdiich have been based upon 
he most favorable conditions of loading. 

Vertical Deflection of Beams. In the casc of beams intended to carry 
ilastered ceilings, experience indicates that the vertical deflection 
o avoid cra<;king the jilaster should be limited to not more than 
/aoo of the span length. This span limit for steel beams is approxi- 
nately in feet twdce the depth in inches and is indicated in the 
ables by the lower zigzag line. Beams intended for such purposes 
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should not be used for greater spans unless the allowable tabular 
safe load exceeds the actual load to be supported. As the dead 
load of the floor is supported by the beams before the plaster is 
applied, only the deflection due to the live load really needs to be 
considenMl. 


Tlie etadlicients given b(!low may be used to obtain the deflection, 
in inches, of sections subjected to transverse stresses diu! to uniformly 
distributed loads at various tibcT stresses and are based upon the 
following forn.'iLilas, using the notation giv(ui on page 200, 


Deflection, D— 


For Kyninief rlcjil sect ions, n- 


,when \VI -i^or J)-^ 


7(i.S Fn E 
f 'orfllcicnt 


’ dc!i)(li in incites 


COKKFICIENTS OF DKFLECTtON UNIFORMLY DlSTRlHUTEI) TjOADS 



I''il)i‘r SI rcas, I'ouiula per S«iuan! Inch 




Fiber SlrcHS, I'oiimls |)(t Sipiare I iich 

Span, 

I'out 




Span, 

IVet 




KiOOO 

11000 

12500 

lOOOO 

14000 

1 2500 



1 

0.017 

0.01 1 

0.013 

20 

n.i.s9 

9.790 

8.711 

2 

0,000 

O.O.kS 

0.052 

27 

12.000 

10.558 

9.427 

3 

O.llO 

0. 1 30 

O.I 1<> 

28 

12.977 

11.354 

10.138 

4 

0.200 

0.232 

0.207 

29 

13.920 

12.180 

10.875 

3 

0.114 

0.302 

0.323 

30 

11. 807 

13.034 

11.038 

r. 

0.r)0G 

0.521 

0.400 

31 

15.900 

13.018 

12.427 

7 

0.811 

0.710 

0.034 

32 

10.919 

11.8.30 

13.241 

8 

l.OoO 

0.027 

0.S28 

33 

18.025 

15.772 

1 1.082 

{) 

l.:m 

1.173 

1.047 

34 

19.134 

10.712 

M.9'18 

10 

I.Ooo 

1.4 IS 

1 .293 

35 

20.270 

17.711 

15.841 

11 

/.003 

1.752 

1.505 

i 30 j 

21.451 

18.770 

10.759 

12 

2.3S3 

2.0.S(; 

1.802 

! 37 1 

22.059 

19.827 

17.703 

13 

2.707 

2.448 

2.185 

1 38 

23.901 

20.013 

18.072 

It 

3.214 

2.S30 

2.534 1 

39 

25.175 

22.028 

151.008 

ir. 

3.724 ; 

3.259 

2.909 

1 1 

2t).483 

23.172 

20.090 

10 

4.237 

3.708 

3.310 

41 

27.823 

24.340 

21.737 

17 

4.7.S3 

4.1. SO 

3.737 

42 

29.197 

25.548 

22.810 

18 

r).303 j 

4.1)02 

4.190 

43 

30.004 

20.779 

23.909 

10 

r).07o ! 

5.228 

4.008 

44 

32.044 

28.039 

25.034 

20 

0.021 ' 

5.793 

5.172 

45 

33.517 

29.328 

20.185 

21 

7.200 

0.3S7 

5.703 

40 

35.023 

30.040 

27.362 

22 

8.01 1 

7.010 

0.259 

47 

30.502 

3l.9t>2 

28.505 

23 

8.750 

7.001 

0.S41 

48 

38.135 

33.308 i 

29.793 

24 

0.534 

S.312 

7.148 

49 

39.741 

31.7^1 

31.047 

20 

10.345 

9.052 

8.082 

50 

41.379 i 

30.207 

32.328 


To find the deflection in inches of a section symmetrical about 
the neutral axis, such as btaims, channels, zees, etc., divide the 
coefficient in the table corresponding to given span and fiber stress 
by the depth of the section in inches. 


207 



CARNEQIE STEEL COMPANY 

To find the doflpclion in inches of a section not symmetrical 
about ilie iK'Ufml axis, such as angles, tees, etc., divide the coetfi- 
ci(‘nt corn'sponding to given span and fiber stress by twice the 
distance of extreme fiber from neutral axis obtained from table of 
elements of sections, pages 170 to IS‘l, inclusive. 

To find the deth'etion in inclu's of a seiU.ion for any other fiber 
stress than tliose givmi, mullipl}'^ this liber stress by any of the 
eoeflicients in the tal)le for the given span and divide by the fiber 
stress corresponding to the coellicient used. • 

Lateral Dofloction of Ik>am.s. 'i'lui tabular safe loads are based on the 
assumption that I lie compre.ssion flanges of tlic various sections are 
secured against lateral dellection by the use of tie rods or by other 
means at proper intervals. According to tin* Construction Specifi- 
cations, page !")(>, the lateral unltrac<‘<l length of beams and 
girders should not exceed forty tiim'S the width of the compression 
flanges. When the unbraced length (‘xceeds tim times the 
width, the tabular safe lomls shoiihl be naluced in accordance with 
the ratios given in the following table in onler to insure that the 
stresses in tlie compre.ssion flanges should not exceed the allowed 
safe unit stress: — 

orSpun Allowable Safe f.oa.l L,„!^ril'Tspan Allowable Safe Load 
5 X flange width (''ull tabular load 2r) x (tango width 1 71.9% tabular load 


10 X 

“ 

“ “ :iOx 

“ ll>2.5% 

15x 

“ ‘ 90.09 

0 tabular load ; :ir) x " 

“ 158.1% 

20 X 

" 81.29 

0 " " ■ 40 X 

“ 48.8 9o 


In addition to this lateral deflection which is induced within 
the beam by the action of pure bending stresses, lateral deflection 
may be induced by the thrust of floor arches or other loading acting 
on an axis pcriiendicular to the line of principal bending stress. 
The thrust of these arches should either be neutralized by tie rods, 
or the safe carrying capacity of the beam should be computed in 
accordance with the general formulas of llo.xure to provide for the 
combined stresses due to tlie action of botli vertical and horizontal 
forces; that is to say, the safe loads should be figured around both 
tlie axes 1-1 and 2-2, and the unit stress computed so as not to 
exceed 16,000 pounds per square inch. 

Eflfcct of Impact on strcHses. The formulas Upon wliii^h the tables of safe 
loads are based a.ssumc all loads to be quiescent or static. The effect 
of moving loads may be taken care of cither by reducing the allowable 
unit str<‘s.ses, or else by increasing the theoretical loads. See 
Construction Specifications, page 154, paragraph 2. 
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When the load is suddenly applied, the resultant stresses are greater 
than those due to an equal static load. When the load is instan- 
taneously applied, th(^ resultant si resses are double. 

When an instantaneously applied load produces impact or percus- 
sion, th(; resultant stresses are dynamic and an; nu'asured by the laws 
governing the energy of bodies in motion. The following (unpirical 
formulas may be used to ascertain tlu^ approximate fiber stress and 
defl(!ct ion due to a load fallitig on the (M*nter of a bcaiti supported at 
both ends, wheii no account is tak<‘n of the distortion due to the 
impact or i)ercussion at the point of application of the load:- Let 

W - Weight of load, in pounds. 

Wi— Weight of b(‘am, in i)oun<ls. 

h =lleight of fall, in inches. 

f -Extreme fiber stress due to static load, WEWi, in pounds per 
square inch. 

fcl -- I'ixtreme fiber st ress due to dynamic load, W, in pounds per 
square inch. 

]) —Deflection due to static load, W-f-Wi, in inches. 

D(i — Dcflciction due to dynamic load, W, in inches. 

:h5 W 

— 35W+ 17Wi’ 

fil ==f (1 + Vl^+l) iind Dd==D + 

Shearing Stresses. The safc load tables for beams and channels are 
computed solely with reference to safe unit stresses due to flexure, 
and the safe loads umformly distributed on the spans given will not 
produce average shearing stresses in tin; web greater than the 
10,000 pounds per square inch allowed by the Construction Specifi- 
cations. When, however, beams are loaded with heavy loads 
(!oncentrat(?d near the supports, or when beams of short span are 
loaded with uniformly distributed loads to their full carrying 
capacity as regards flexure, the bending moments may be small in 
comparison with the reactions at the supports, and the beams may 
fail along the neutral plane as a result of longitudinal slu'aring 
stresses, or may buckle as a result of the combined longitudinal 
and vertical web stresses. On such spans the safe shearing or 
buckling strength of the web may limit the carrying capacity of 
the beam rather than the resistance of the flanges to bending 
stresses. 

Longitudinal Shear. At any point in any section of a beam, the 
horizontal and vertical components of the web stress are equal to each 
other and proportional to the vertical shear ; their intensities are 
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dependent upon the distance of the point from the neutral axis. In 
ord(T to determine the intensity of the vertical sliearing stress at 
a given point in a vertical s<*ction of tlie beam, therefore, it is 
suflieieiit to find the ecpjal intensity of the horizontal sliearing 
stress at tlu' same point in the horizontal i)Iane. 

The longitudinal unit shear is zero at tlie ui)per and lower flanges 
of the b(“ani and a maximum at the neutral plane. It is greatest 
at the supports and zero wdiere th(a*e is no vertical shear. 

The intensity of tin; longitudinal shear at any point in any section 
is the jiroduet of the vertical shear, V, for that section and the 
stati(‘al inoment^ ]\Is of the .section included between the horizontal 
I)laiie of shear through that i)oint and the ('xtrome fibers on the same 
side of the neutral plane divided by the prodiict of the mojuent of 
inertia of the beam around the j)ro|)(‘r axis and the thick m^.ss at the 
plane of sh(‘ar; or 

T.ongitudinal shear p(^r scpian; inch — 



Example — Roquiretl tlio maximiun longitudinal 
shear per .square inch iii a 21" SO lb. beam loaded 
will! two syminc'trical load.s of 100, ()()() pounds 
each, disregarding the weigtit of the beam. 

Ms of Flange Itectangle— Tx.OOx 11.7 - * 40. 14 

Msof Flange Triangles -^;{.2.'>x.542x 11,210-^ 10.70 


NuutrnI itxiii 
Plano uf Hhuor 


M s of Web —1 1 . 10x..^>0xr> .70 

Total Static Moment 

Moment of Inertia of Ih^am 1— 20.S7.2 

Longitudinal 


— 22.49 
101.30 


20S7.2x.50 

0715 pounds pc;r square Incli. 

Under usual conditions of loading, the vertical shear need not be 
taken into consiih'ration. 


Buckling Values of Beam Webs. The vertical shf'aring stresses or the 
vertical coinpre.ssive components of the w'cb strc'ss may under some 
conditions exceed tiie safe re.sistanco of the beam to buckling, and • 
; there remains the po.s.sibility that a web or web plate which is amply 
! secure as against t lie safe allowed sliear of 10,000 pounds per .square ; 
; inch wdll not b(i of sutficiont strengLli when considered as a column. 

In sucli cases provi.sioTi must be made for .security against buckling ; 
j either in the way of stiffeners or by increasing the thickness of the : 
' web or web plate. i 

A series of experiments have been carried out on beams of various 
i depths and wob thick ne.s.s(*s to arrive at a l)asis for a simpler method ; 
: of computation to use in the investigation of the safe buckling I 
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resistance of beams with unsupported weixs, and from these experi- 
ments the following formulas have been deduced: 

a^ 

^ iiiiriililL-. reaction H= fh x t (a +- 7 -) 


nmTr 

In these form Alas 11 is t!i.e end reaction, W tlu^ concentrated load, 
t the w'eb thickness, d the depth of the beam, a^ half the distaiu'e 
over which the concentrated load is api)lied and a the whole 
distance over which the end reaction is applied, while fp is the safe 
resistance of the web to buckling in pounds per scpiare inch by t he 
formula 10000 — 100 d/2r (d/2-— 1 in column formula). 

The first formula is general and ai)i)lies to any condition of 
loading. The si.'cond formula covers the case of a single load 
concentrated at- (he center of ;i s])an; it can be extended to cov<*r a 
system of concentrated loads provided the .sum of the distances a^ is 
not less -than a. 

Idu! tables which immediately follow give for beams and channels 
with unsupixirted webs: 

1. Allowed web resi.staii(;e fb, in pounds per square inch com- 
puted from this compression formula. 

2. The distaiic(> a, or the distama* over which the end reaction 
must be distributed W’hen the sluiaring st ress, V, in the web is the 
maximum alkfwabh; of 10,000 pounds p«*r square? inch. 

3. The allowable end reaction (K) when a is taken at 3 ^/' 
which is t 1 m‘ usual length of beam actually resting on the 4" angles 
ordinarily used in building construction for beam seats. 

4. Th(? allowable she.ir V, on the gross area of beam or channel 
webs at 10,000 pounds per stpiare inch. 

In addition to these data which have to do with the maximum 
loads on beams anil channels as computi'd from tlie w'cb resistance, 
these tables also give the maximum bending moments in foot 
pounds, obtained by the multiplication of the section modulus of 
each section by tin? allowed fiber stre.ss of 16,000 pounds and the 
division of the [)roduct by 12 in order to reduce to a foot pound 
basis. These maximum bending moments may be used on inspec- 
tion instead of the table of properties to ascertain the proper size 
section to be used in any part icular instance. 


Safe interior load \V— 2 fp x t (a^ +-t-) 
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Examples of the Use of Beam Safe Load Tables 


Example 1. Dirool Bending. Ke< 4 U.ire<l the proper size of a beam laterally 
bran d to support a supcTimposed or net load of 30,000 pounds uniformly 
distributed over a clear span of 20 feet. 

Fr(»m the table of safe loads, page 2 is, it is found that a 15 imrh 32 pound 
beam will supijort a gross load of 3I,10() pounds. The weight of a beam 20 
feet long is s lo i)ouuds. The not safe load is. tlierefore, 31 , 100 S 10 30,500 

pounds. A 15 inch 12 ])ound l)eam will, I luaefore, carry I In; net load speciliod. 

Example 2. Shear. Itnpiired the maximum load wiiich a 20 inch 85 
pound beam can suj)port without e.xcecdiiig the safe web resistance of the 
section. 

h'rom the talde, page 217, the maximum load for this section given in small 
figures above the upin r zigzag line is found to be 205,200 pounds. 

Example 3. Vertical l)t;lh‘cli(m. l{e(iuir(!d the itropcr size and the 
delh'ctioii of a chamu'l suppt»rtlng a net load of 10,000 pounds concentrated in 
the middle of a 1 l-foot si»an, assuming that the channel is braced against 
lateral dcihiclion. 

'I'lie sp(*cill<'d load is e<iui valent on the given span to a uniformly distributed 
load of 2 .\ lO.tKKJ 20,000 [KUinds, 

In the tabh;, page 22<;, it is fouml that a 12 inch :U) pound channel will 
sui)port u gross load of 20.500 pounds or a net load of 20,500 I t x 30-- 20.080 
pounds. The in;t safe load concxml rated at the middle of the span will bo 
one-half this or 10,040 itoimds, 

'rhe (h'fhrlion prodmvd by a uniformly distributed load of 20,500 pounds 
is found from tin; cocfllcicjtt given in Ihi; same table ami page 207 to 
De -0.270". The dellection for Hk; spt'cilled load (;oncentrated in the 

middle of tin; span is api)roximately ^i:^^~~ = {),21{>". 

See page 201. 

I'ixample t. Vortical l4ellection. Iteciuinsl tlu; delle<*tloli of a riveted 
girder 37 inches dc(;p for a span of .35 feet and a fiber stress of 14,000 poiiiidspiT 
S( 4 uare inch. 

17 741 

lie(iuired deflection, see table, page 207, -—.jy- - 0.479". 

Example 5. Vcriical Delleclion. Required the dc'fh'ction of an angle 
0 X 4 X "in" about ati axis parallel to the short leg for a span of 14 feet and a 
fiber stre.ss of 10,000 pounds. 


Kwiuired defUnTion. .see table, pagto 207 and 208, is -0.401 ". 

Exainph? 0. Verlieal Dcdlection. Eequired the deflection of a 10 inch 
beam for a span of 18 feet with a fiber .stress of 11,000 pounds. 

11,000x5.303 

Jietinired deflection, see table, pages 20/ ami 208, = =0.309 . 

Exami)lo 7. Lateral Deflection. Required the safe load on a 12 Inch 31*^ 
pound l)eam for a span of 10 hs-t without any lateral support or bracing. 
Tabular load, page 219.=24,000 pounds. 


TiCngth of .span . 


Flange width 


Reduced safe load, page 208, 24,000 x 0.408=11,232 pounds. 
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BEAMS 

Maximum Bending Moments and Wkh Besistanoe 



(1 


' t 

\ 

fb 

a 

R 

Milxinium 

Beniliiiy; 

Mijiiii'iit 

Dcjith 

of 

lUiairi 

Wrinht 

per 

loot 

'i'hii;kne.s3 

of 

W lb 

.Mlowablo 

Wil, 

Sliiar 

■Mlowitblo 

Hr.sislancc 

j E.mI' 

lli-ariii/ 

Ibul 

Ui'ai'l loti 
a /' 

~ Knot 
1‘miiiils 


I'uiind.s 

lllfllfS 

I’dihkIm 

rtiuml.'i 
IMT S'p In. 

llK'lu H 

1*1)1111(13 

•i'lUEiO 

'27 

00,0 

.524 

1 11 ISO 

looso 

20.0 

.51110 

32S;{<»() 


1 15.0 

.7.50 

ISOOOO 

i;iloo 

1 1..8 

95SS0 

320; {'.)() 


1 10.0 

.o.ss 

105120 

12900 

12.5 

.8 1090 

312.100 


105.0 

.025 

1.50000 

1 2:1.50 

i;i.4 ! 

73:120 

2(il 100 


100.0 

.751 

180900 

13190 

11.8 

90020 

2r)(iri()o 

24 

05.0 

.09:1 

1 00320 

1.3000 

12.5 ; 

S.5010 

21.S710 


00.0 

.031 

151440 

12410 

1.1.3 

71110 

24()S70 


85.0 

.570 

1.30S00 

1 1710 

11.5 

o:i4io 

2:l 1 1)20 


SO.O 

.500 

120000 

10090 

10.5 

.50780 

2l<)()70 


7 1.0 

.470 

1112 10 

10200 

17. 1 

10100 

ir>()!):io 

21 

00.5 

. 12S 

S9SS0 

10.500 

1 1.8 

39320 

220750 


100.0 

..S.S1- 

1 70S00 

1 .5080 

s.;i 

1 i;i:i20 

214210 


05.0 

.810 

102000 

11720 

, 8.0 

101370 

207 OSO 


00.0 

.7.37 

117100 

1 i;ioo 

9.0 

89.590 

201 110 

1 20 

S5.0 

.003 

132000 

137.SO 

9.5 

770:10 

105510 

SO.O 

.000 

120000 

1 : 12:10 

10.1 

07400 

100170 


75.0 

.049 

129S00 

1:1000 

9.0 

7.5380 

102010 


70.0 

.575 

1 1 5000 

129S0 

10. 1 

03420 

1550:i0 

» 

05.0 

.500 

100000 

120.80 

Jl.O 

5i;i20 

1S0720 


90.0 

.807 

1 45200 

1.51 10 

7.1 

977:10 

ISOS 10 


S5.0 

.725 

1 :i0500 

14700 

7.7 

8.5200 

171000 


SO.O 

.044 

1 15920 

14100 

8.2 

72940 

lOOOSO 


75.0 

.502 

101 100 

1 : 1 150 

8.9 

00180 

1304S0 

18 

70.0 

.719 

129120 

14070 

7.8 

843.50 

130500 


05.0 

.0:17 

1 14000 

14110 

.8.;i 

7 1 890 

124710 


00.0 

.55.5 

99900 

i:i.iso 

9.0 

.59420 

1 17S00 

: i 

55.0 

.400 

S2S00 

1 2220 

10.2 

119.80 

100200 


48.0 

.380 

OSlOO 

10.800 

12.2 

32830 

1 22890 


1 75.0 

.882 : 

: i;i2300 

100,50 

5.0 

102000 

1170SO 


: 70.0 

.784 

117000 

1.5090 

5.8 

89100 

1130S0 


; 05.0 

.080 

' 102900 

1.5210 

O.l 

7.50.50 

10S270 


00.0 

.590 

8S500 

14000 

0.5 

02440 

00850 

: 15 

55.0 

.050 I 

I 98100 

1.5040 

0.2 

715.30 

85040 


50.0 

.558 

i 83700 

14310 

0.7 

58020 

81040 


45.0 

.400 

1 09000 

: 13.350 

7.5 ; 

14.520 

78530 

j 1 

1 42.0 

; .410 

01500 

12070 

8.1 

37000 

72130 


1 37.5 

.332 

' 49800 

i 11180 

9.7 

20910 
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CARNEQIE STEEL COMPANV 


REAMS 

Maximum Rendinu Moments and Weu Resistances 



(1 


1 

V 

fh 


U 

Miivitnuiii 

!).'[.( h 

of 

IltMin 

Wolf'll!, 

por 

Foot 

'I'hii'kiK'f.a 

(,f 

' \V(‘i> : 

Allowable 

Web 

Shear 

Allowable 

lliieklinff 

Hesi.'jtaiice 

Mia. 

Ejid 

llearinK 

End 

Reaetion 

a- 

Foi)t 

I’ouruls 

Inchoa 

Pouriil.s 

Inrhos 

Poiiivls 

I’ouml.s 
per S(j. 1?>. 

Inelie.s 

r 

Pounds 

7i:i:io 


55.!) 

.S21 

9S.520 

10470 

1.5 

S7.S90 

071 10 


50.0 

.099 

S5SS0 

10050 

1.5 

72S50 

(i:M0() 


45.0 

.570 

09120 

1 .5590 

4.S 

57020 

50770 

12 

10.0 

.400 

55200 

144S() 

5.5 

45500 

50750 


55.0 

.150 

52,520 

112.50 

5.1 

40550 

47000 


51.5 

.550 

12000 

15000 

!1.2 

29710 

•11270 


2S.0 

.2S1 

5 lOSO 

1 lOSO 

7.5 

21500 

42520 


•10.0 

.719 

71900 

10090 

5.5 

7. '■.010 

50050 


5,5.0 

.002 

00200 

10120 

5.7 

5S220 

557S0 

10 

50.0 

.1.55 

45500 

15190 

4.1 

41470 

52500 


25.0 

.510 

51000 

15410 

5.0 

21910 

50270 


22.25 

.252 

25200 

12150 


IS510 

55120 


55.0 

.752 

0.5SSO 

10S70 

5.1 

71010 

50 1 SO 

0 

50.0 

.5! 19 

51210 

10200 

5.5 

55200 

27240 

25.0 

.too 

50510 

1,5100 

5.7 

;{5;}90 

25100 


21.0 

.290 

20100 

15020 

4.1 

22710 

22S10 


25.5 

.51 1 

452S0 

10440 

2.9 

4S920 

21500 


25.0 

.419 

55920 

1.59 1 0 

5.0 

59290 

20100 

S 

20.5 

.557 

2.S500 

1 5 1 20 

5.5 

29090 

ISOOO 


l.S.O 

.270 

21000 

15.S70 

5.S I 

20000 

10470 


17.5 

.220 

1 7000 

12700 

4.L 

15570 

10070 


20.0 

.45S 

52000 

105.50 

2.5 

30510 

14050 

■ 7 . 

17. .5 

.555 

21710 

1 5570 

2.7 : 

2SS50 

13S00 


J5.0 

.2.50 

17.500 

141.50 

5.2 

1S.5S0 

1 1040 


17.25 

.475 

2,S.50() 

lOSlO 

2.1 

599.50 

10000 

f) 

1 1.75 

.552 

21120 

10050 

2 2 

2S2,50 

OOSO 


12.25 

.250 

15.S00 

11 4. SO 

251 

100.50 

10200 


17.0 

.5S0 

19000 

10720 

1.7 

50 ISO 

SOSO 


1 1.75 

; .501 

25200 

172S() 

1.0 

41570 

7200 


12.25 

; .557 

1 7.S.50 

105S0 

l.S 

2S120 

0450 


9.75 

.210 

10500 

1 4S70 

2.1 

1 14850 

4700 


10.5 

1 .410 

10400 

17510 

1.5 

31940 

4500 


9.5 

: -357 

15 ISO 

1 0940 

1.1 

! 25090 

4240 

1 

H.5 

i .205 

10.520 

10500 

1.4 

i 19300 

50S0 

j 

7.5 

1 .190 

7000 

; 1.5500 

1.0 

13130 

1 

2500 


7.5 

i .301 

10S5() 

i 17.500 

' 1.0 

j 20940 

2500 

! 3 

0.5 

j .2f>3 ' 

7S9() 

j 17020 

i 1.0 

19020 

2210 

1 

5.5 

! .170 j 

5100 

j 15950 

i 1.1 

1 11530 
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BEAM SAFE LOADS 


CHANNELS 


Maximum Bending Moments and Wkh Resistances 


Miiiax 

(1 


t 

V 

fb 


R 

Maxiiuiim 

Depth 

IVN'i^ht 

ThickmsM 

Allowable 

Allowable 

Min. 

Iviid 

Bcn<liiiK 

of 

JHT 

(,f 

W.b 

IbieklirH; 

End 

Reaction 

Moinoi.t 

Chamuil 

!’(K)I, 

Wol. 

Shear 

Hc.sistaiiee 

Bearinjf 

a- -33 

luiut 

Pounds 

Inches 

rounds 

I neliKs 

Bounds 

pounds 
per Stp In. 

Inches 

Pounds 

7(VI'.)0 

* 

55.0 

.SIS 

122700 

1.5.820 

.5.7 

9.3S30 

71 ".*)(» 


50.0 

.720 

lOSOOO 

1 .5.390 

0.0 

S0350 


15 

45.0 

.022 

93300 

1 1.820 

<i.4 

<K).840 

(il7S() 


40.0 

..524 

7.8000 

11010 

0.9 

53350 

r.dsso 


35.0 

.120 

03900 

12900 

7.9 

39850 

^7)570 


33.0 

.400 

60000 

12510 

8.2 

.30270 

fillUiO 


50.0 

.791 

102830 

101.50 

4.8 

80250 

SOI 10 


45.0 

.07S 

.88140 

150.80 

5.0 

7 1 700 

r»r)S70 

13 

40.0 

..505 

734.50 

15020 

5.4 

572I50 

ryMi'20 


37.0 

.497 

<>1010 

14 170 

.5.7 

48540 

r.io2() 


35.0 

.452 

.58700 

11020 

0.0 

42770 

48710 


32.0 

.375 

18750 

13000 

0.8 

32900 

4:{700 


40.0 

.7.58 

90900 

10200 

4.4 

S0090 

B'.IS-IO 


35.0 

.03ti 

70320 

15730 

1.0 

0.5040 

:jr»020 

12 

30.0 

.513 

01.500 

1 19.50 

5.0 

49850 

32000 


25.0 

.390 

40.800 

13070 

5.8 

340<)0 

28470 


20.5 

.2.80 

33000 

1 1.570 

7.4 

2 1 000 

30800 


35.0 

.823 

82300 

1 0900 

3.4 

83430 

27530 


30.0 

.070 

07000 

Kil 40 

3.0 

00070 

24200 

10 

25.0 

..529 

52900 

1.5730 

3.9 

4 9!) 10 

20000 


20.0 

.382 

3.8200 

14470 

4.1 

33100 

17840 


15.0 

.210 

24000 

117.80 

0.0 

16970 

200r)0 


25.0 ' 

.01.5 1 

55350 1 

16170 

3.2 

.58220 

ISO 10 


20.0 1 

.4.52 1 

40080 i 

1.5.550 i 


40420 

15070 

0 

15.0 1 

.2.88 i 

2.5920 i 

1.3.590 

’ 4.4 

22500 

14020 


13.25 i 

.230 1 

20700 i 

i 12220 

1 ; 

10170 

ir.020 

# 1 

21.25 1 

.582 

40500 ! 

! 10020 

i 2.8 

5.3200 

14010 


IS. 75 1 

.490 1 

39200 j 

i 10170 

! 2.9 

43580 

13310 

8 

10.25 

.399 i 

31920 

15530 

3.2 

! 34070 

12000 

j 

13.75 

.307 1 

24500 ! 

1 11490 

3.5 

! 24400 

10770 


11.25 

.220 i 

17000 

: 12700 

4.3 

1.5370 

12010 


19.75 

.033 

44310 

! 17090 

2.3 

1 50780 

11400 


17.25 ' 

..528 

3<>900 

16700 

2.1 

40300 

10350 

7 

14.75 1 

.423 

29010 

' 10130 

2.0 

35830 

0210 


12.25 I 

.318 

22200 

15190 

2.9 

25300 

8030 


9.75 

.210 

11700 

1 1.3230 

3.5 

145.80 

SOSO 


15.5 ! 

.503 

33780 

171.50 

2.0 

i 4S280 

7700 


13.0 ! 

.440 

20400 

j 16040 

2.1 

36010 

0720 

0 

10.5 1 

.318 

190.80 

I 15730 

2.3 

25010 

6780 


8.0 ! 

.200 

12000 

1 1.3810 

1 2.8 

13810 

5550 


11.5 

.477 

23850 

i 17180 

1.7 

38920 

4730 

5 

9.0 ] 

.330 

1<1500 

1 10380 

! 1.8 

25070 

3000 


0.5 

.190 

9500 

! 144.50 

i 2.2 

13040 

3050 


7.25 1 

.325 

13000 

10870 

1.4 

24070 

2700 

4 

0.25 

.2.52 

10080 

102.50 

1.5 

18430 

2530 


5.25 

.180 

7200 

i 151.50 

1.6 

12270 

1840 


0.0 

.362 

10860 

1 17.560 

1.0 

27020 

1040 

3 

5.0 

.264 

7920 

j 17030 

1.0 

19110 

1450 


4.0 

.170 

5100 

! 15940 

1.1 

11520 
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CARNEQIE STEEL COMPANV 


REAMS 

Maximum Rendinu Moments and Weu Resistances 



(1 


1 

V 

fh 


U 

Miivitnuiii 

!).'[.( h 

of 

IltMin 

Wolf'll!, 

por 

Foot 

'I'hii'kiK'f.a 

(,f 

' \V(‘i> : 

Allowable 

Web 

Shear 

Allowable 

lliieklinff 

Hesi.'jtaiice 

Mia. 

Ejid 

llearinK 

End 

Reaetion 

a- 

Foi)t 

I’ouruls 

Inchoa 

Pouriil.s 

Inrhos 

Poiiivls 

I’ouml.s 
per S(j. 1?>. 

Inelie.s 

r 

Pounds 

7i:i:io 


55.!) 

.S21 

9S.520 

10470 

1.5 

S7.S90 

071 10 


50.0 

.099 

S5SS0 

10050 

1.5 

72S50 

(i:M0() 


45.0 

.570 

09120 

1 .5590 

4.S 

57020 

50770 

12 

10.0 

.400 

55200 

144S() 

5.5 

45500 

50750 


55.0 

.150 

52,520 

112.50 

5.1 

40550 

47000 


51.5 

.550 

12000 

15000 

!1.2 

29710 

•11270 


2S.0 

.2S1 

5 lOSO 

1 lOSO 

7.5 

21500 

42520 


•10.0 

.719 

71900 

10090 

5.5 

7. '■.010 

50050 


5,5.0 

.002 

00200 

10120 

5.7 

5S220 

557S0 

10 

50.0 

.1.55 

45500 

15190 

4.1 

41470 

52500 


25.0 

.510 

51000 

15410 

5.0 

21910 

50270 


22.25 

.252 

25200 

12150 


IS510 

55120 


55.0 

.752 

0.5SSO 

10S70 

5.1 

71010 

50 1 SO 

0 

50.0 

.5! 19 

51210 

10200 

5.5 

55200 

27240 

25.0 

.too 

50510 

1,5100 

5.7 

;{5;}90 

25100 


21.0 

.290 

20100 

15020 

4.1 

22710 

22S10 


25.5 

.51 1 

452S0 

10440 

2.9 

4S920 

21500 


25.0 

.419 

55920 

1.59 1 0 

5.0 

59290 

20100 

S 

20.5 

.557 

2.S500 

1 5 1 20 

5.5 

29090 

ISOOO 


l.S.O 

.270 

21000 

15.S70 

5.S I 

20000 

10470 


17.5 

.220 

1 7000 

12700 

4.L 

15570 

10070 


20.0 

.45S 

52000 

105.50 

2.5 

30510 

14050 

■ 7 . 

17. .5 

.555 

21710 

1 5570 

2.7 : 

2SS50 

13S00 


J5.0 

.2.50 

17.500 

141.50 

5.2 

1S.5S0 

1 1040 


17.25 

.475 

2,S.50() 

lOSlO 

2.1 

599.50 

10000 

f) 

1 1.75 

.552 

21120 

10050 

2 2 

2S2,50 

OOSO 


12.25 

.250 

15.S00 

11 4. SO 

251 

100.50 

10200 


17.0 

.5S0 

19000 

10720 

1.7 

50 ISO 

SOSO 


1 1.75 

; .501 

25200 

172S() 

1.0 

41570 

7200 


12.25 

; .557 

1 7.S.50 

105S0 

l.S 

2S120 

0450 


9.75 

.210 

10500 

1 4S70 

2.1 

1 14850 

4700 


10.5 

1 .410 

10400 

17510 

1.5 

31940 

4500 


9.5 

: -357 

15 ISO 

1 0940 

1.1 

! 25090 

4240 

1 

H.5 

i .205 

10.520 

10500 

1.4 

i 19300 

50S0 

j 

7.5 

1 .190 

7000 

; 1.5500 

1.0 

13130 

1 

2500 


7.5 

i .301 

10S5() 

i 17.500 

' 1.0 

j 20940 

2500 

! 3 

0.5 

j .2f>3 ' 

7S9() 

j 17020 

i 1.0 

19020 

2210 

1 

5.5 

! .170 j 

5100 

j 15950 

i 1.1 

1 11530 
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BEAM SAFE LOADS 


BEAMS 

Allowable Unifoum Load in Thousands of Pounds 

Maximum llen<iing Stress, 16.000 Pounds per Squani Indi 


Spun 

in 

Feet 


6 2!) l.:i2So.O 276.01 

7 

8 
0 

10 


Depth siimI Wciglit of ScctioiiH 


20 Inch 


IK Inch 


; 100 ; 95 : , 90 

85 1 80 

7.7 i 

lbs. . lbs. 1 lbs. 

lbs. I lbs. 

11 )8. , 

' 3C8.« 1 1 

i 


3.73.2 

i 

i 

1 ! .324 O' J04.a 


260 .(4 ! 


70 1 6.") 
IIm. ! Ilia. 


S') ! so I 75 Ic® G 
11)8. I 11)8. lbs. I 


J.Mj.G ! 2lil.O 
‘200-0 2-PJ.024i.ll ‘201.8 1 20-2.3 


; 0.11 


0. GO 
0.81 
l.OG 
1.84 

1. GG 


11 

12 

18 

14 


■ 2 r.r).‘ 2 : - 240.0 !22;).G 2 16.8! 

2r)2.:{ 244.H2:i7.7i22'.J.l)2li3.-l 1 .S.!>.y 1 78.2 ,2 13.4206.7 2(KJ.O 1 08. 2| 

220.7 214.2207.71201.110.').:) 160.2 162.6 If).'"). 0 186.7 IS0..S Hn.O IGO.li! 

106.2 100.4 184.61178.8 173.8 i:)0.1 I I 1.GI.38.G 166.01G0.7 I,').')..'') ! r)0.3; 
176.6171.4166.11160.0 i:>6.4;i3.5.3 130.1 124.7, I 40.4 144.7, 140.0, 135.3j| 

! > ' i 1' I <1 

1 60.5 1 .5.^).8 I .^)1 .0 1 46. 3 1 42.2 123.0 1 1 8.3 1 1 3.4 1 3.5.8 1 3 1 ..'') 127.2 123.0!! 2.00 

■ ■■■ 2.38 

2.80 
3.24 
3.72 


1 17.2 142.8 138..5 1.34. 1 130.3 112.8 108.4 101.0 124.A 120.6 1 16.6 1 12.' 
13.7.8 131.8 127..s;i23.8 120.3104 
126.1 122.4 1 18.7 I 14.0 I 11.7, 06, 


1.5 

117!7 

ii4!2 

110,8,107.3 

104.3 

00.2 86.7 

16 

llO.l 107. 1'103..S 100.0 

97.7 

84.6 81.3 

17 

103.0 

100.8 

0V.7 

Ol.l 

02.0 

70.6. 76.5 

18 

08. 1 

0.7.2 

02.3 

80.4 

86.0 

76.3 72.3 

10 

02.9 

90.2 

87.4 

84.7 

82.3 

71.2 68.5 

20 

88.3 

85.7 

83.1 

80.5 

78.2 

67.7 65.1 

21 

84.1 

81.6 

70.1 

76.6 

74.5 

01.1 62.0 

22 

80,3 

77.0 

75.5 

73.1 

71.1 

61.5 50.1 

23 

76.8 

74.5 

72.2 

70.(1 

68.0 

58.8 56.6 

24 

73.6 

71.4 

60.2 

67.C 

65.2 

56.4' 51.2 

2.7 

70.6 

68.5 

66.5 

64.4 

62.6 

54. 1 1 52.0 

26 

67.0 

65.9 

63.0 

61.0 

60.2 

52.1 50.0 

27 

6.7.4 

63.5 

61.5 

50.6 

57.0 

50.1: 48.2 

28 

63.1 

61.2 

50.3 

.77,. 5 

55.0 

48.3| 46.5 

20 

60.0 

50.1 

57.3 

5.7,5 

53.0 

46.7' 44.0 

30 1 

.78.0 

57.1 

55.1 

.73.6 

52.1 

45.1; 43.4 

31 1 

.77.0 

.75.3 

.53.6 

51.0 

50.5 

43.7 42.0 

32 ; 

1 55.2, 

.73.6 

51.0 

50.3 

4S.0j 

I 42.3: 40.71 

33 ! 

1 .73..7 

51.0 

50.4 

48.8 

47.4 

41.0, 30.4 

.34 ! 

51.0! 

.70.4 

48.0 

47.3 

46.0! 

! 30.8 3S.3I 

35 i 

.7()..7 

40.0 

47.5 

46.0 

44.7 

38.7, 37.2 

36 1 

40.l| 

47.6 

46.2 

44.7 

43.4| 

37.6 36.1 

37 

1 47.7: 

i 46.3 

44.0 

43.5 

42.3 

36.6: 35.2 

38 

1 46.5 

45.1 

43.7 

42.3 

41.2 

35.6; 34.2 

30 

1 45.3 

! 43.9 

42.6 

41.3 

40.1 

34.7, 33.4 

40 

44.1 

, 42.8 

41.5 

40.2 

30.1 

33.8 32.5 

41 : 

w.i’ 

1 1 

41.8 1 

1 

1 iii.r. 

S».‘» 

1 iis.i 

1 

83.0 ! ■'81.7 

42_j 


1 4(1.8 1 

1 i«).n 

88..1 

1 ”7.2 

3-j.‘2! :n.() 


1. 1 100. 1 1 06.0 1 1 4.0 1 1 1 .3 1 07.7 104. 1 li 
).7: 02.0 80. 1 106.7 103.3100.0 OG.Gij . 
00.2 ; 


,70.4: 

.76. 


34.7 

33.7 

32.8 

32.0 1 

31.2 


8(1.4 
•SXl ,1 


1 00.6 

06.4 

03.3 

03.4 

00. 1 

87.5 

87.0 

. 85. 1 

82.3 

83.0 

i 80.4 

77. S 

78.6 

76.1 

73.7 

74.7, 

72.3| 

i 70.0 

1 

71. |! 

1 6S.0 

1 . . - 
66.7 

67.0 

1 65.8, 

63.6 

61.0 

62.0 

60.0 

(.52.2 

: (50.3 

58.3 

50.8 

! 57.0: 

5(5.0 


55.(5^ 

.^)3.8 

55.3 

I 53.6 

51.8 

1 53.3 

51.7 

50.0 

1 51.5 

I 40.0 

48.3 

! 

48.2| 

46,7 

1 48.2' 

46.7 

45.2 

! 46.7 

45.2 

43.7 

1 45.3 

13.8 

42.4 

43.0 

42.6 

41.2 

42.7 

41.3 

40.0 

41.5 

; 40.2 

38.9 

' 4(l.t 

■ O'.i.i 1 

1 ”87.« 

89.8 

3S.I 

3t‘..8 


84..7:; 

70.61 

7.7.1 
71.2,! 
67.6,: 

64.4'' 

61.5 

58.8] 

56.4 

54.1 


4.24 

4.78 

5.36 

5.08 

6.62 

7., 30 
8.01 
8.76 
0.53 
10.35 


.72.0 11.19 
.70.1 12.07 
48.3:12.08 

46.6 13.02 
45.1 14.00 

r 

43.6 15.01 

42.3 16.05 
41.0 18.03 
30.8 10.13 
38.6. 20.28 


.T,‘,.fti22.66 


85.6 

23.00 

25.18 

26.48 


127.82 

1 20.20 


I-KDarls above upper horizontal lines will proiltiee tnaxiniuin allowable ahear in webs. 
l/)ad8 below lower horizontal lines will produce excessive deflections. 

For ma.\imum safe loads, see page 213. 
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CARNEGIE STEEL COMPANY 


BEAMS 

Allowable Uniform T.oad in Thousands of Pounds 
M aximum Ilen<ling Strass, Ki.OOO Pounds per Square Ineh 


Depth and Wtufcht of Sections 


70 I 65 I 60 I 55 48 j, 75 
11)8. I lbs. lbs. lbs. lbs. !: lbs. 


70 I 65 60 j 55 fO) 45 42 IjO Q 

lbs. lbs. I ll)s. Ujs. 11)6. IIjb. lbs. Ij 


!' -268.8 2-J11.8 ! lift). 8 | 

: 21S. l 2()S.‘J10U.."j; 


r 2<i4.ft [ I ' ivm 8 

,24r>..S- •2;ts.2 ‘JOa.s ' 177 0 ISl .7 467.4 ! |:{S 0 
ms.o l.ss.s I.SO.'. 1 173.21 4.5. 4lT373T^ 


IS2.0 174.1 1 on.:! 1 ',7. 1 l.w.rt 103.K 1 .57..3 1 .50.8 144 .44 2 1 . 1 ] 114. C! 108.1 j 104:7 
1 150.0 1 40.2 1 42.5! 1 34.7 1 40.4: 134..S 120.2:1 23.7 103..S'0S.2:02.0LS0.S 


8 

130.5 

13o!o 

124.7 

17.91(K 

.2 

122.91 18.01 13.li]08.3j 

9 

121.3 1 10.1 

110.9101.897 

7 

109.2 I04.9ll00.5i 

96.2, 

10 

109.2 

10 4.5 

99.8 

91.387 

1 

4 

98.3 


90.5. 

86.6 

11 

99.3 

95.0 

90.7 

85.7’79.4 

80.1 

85.8 

82. 2 

78.7 

12 

91.0 

87.1 

83.1 

78.072 

8 

81.1 

78. 7i 

75.4 

72.2 

13 

81.0 

80.4 

70.7 

72.567 

2 

75.( 

72.6j 

69.6 

66.6 

14 

78.0 

74.(» 

71.3 

07.302 

4 

70.2 

67.4! 

64.6 

61.9 

15 

72.8 

69.0 

60.5^ 

62.958 


05.5 

"-■'1 

60.3 

57.7 

10 

08.2 

0.5.3 

02.4i 

58.9.54.0 

01.4 

59.0! 

.56.5 

54. 1 

17 

01.2 

01.5 

58.71 

55.551 

4 

57.8 

55..5 

.53.2 

.50.9 

18 

00.7 

58.0 


52.448 

■) 

54.6 

52.4 

.50.3' 

48. 1 

19 

57.5 

55.0 


49.0 16 

0 

51 7 

49.7! 

47.6' 

45.6 

20 

5 1.0 

52.2 

49.9j 

1 

47. 1 43 


49; 2 

47.2; 

45.2 

43.3j 

21 

52. o' 

19.7 

4 7.. 5 

j 

44.941 

o' 

46.8 

44.0 

43.1 

41.2 

22 

49.6 

47.5 

15.3 

42.939 

7 

14.7 

42.9 

41.1 

39.41 

23 

47. .5 

45. 1 

43.4 

41.038 

0 

42.7 

4 1.0; 

39.3 

37.7 

24 

45,5 

43.5 

•11.0: 

39.336 

4 

11.0 

39.3: 

37.7 

36,. 1 

25 

43.7 

41.8 

3!).9 

37.734 

9 

39.3 

37.81 

1 

36.2. 

34.0 

20 

1 

42.0 

40.2! 

38.4; 

36.3’33.6 

37.8 

1 

30.3: 

34.8 

.33.3 

27 

40.4i 

38. 7 1 

37.0 

31.932 

1 

1 36.4 

35.0 

33.5; 

32. 1 

28 : 

39.01 

37.3 

35.6 

33.731 


' 35.1 

:«.7 

32.3i 

30.9 

29 : 

37.0' 

3r,.o 

31.4 

32.530 

T 

i 33.9 

32.5! 

31.2, 

29.9 

30 ; 

30.1 

34.81 

33.3 

31.429 

1 

: 32.8 

31.5' 

30.2! 

i 

28.9 

31 

35.2 

1 

.33.7; 

32.2 

j 

30.428 

0 

1 ' " 31.7 

1 1 

1 .in.i 

1 

1 

•27.0 

32 ; 

31.1; 

32. 0i 

31,21 

29.527 

.7 

8U.7 

1 2i)-6 i 

2H.8 

27.1 ! 

33 i 

33.1 

31. 7| 

30.2} 

28.626 

5 

i 


! 

i 

3 4 ■ 

: 32. 1| 

30.7 

29. 3 1 

27.725 


! 




35 1 

31.2' 

i 1 

29.8; 

2.8.5, 

26.925 

1 






36 1 

; 

29.(4 

27.7^ 

20.224 

3 ' 


■ 



37 1 

' •J!!..") 1 

"'UH.-J , 

27.ni 

2:...'.j 23 

i ; 


1 



38 1 


27..'. 

20.3 1 

2».s! -i'l 


1 

1 ‘ 


I 


.34.0 32.7 30.920.9 7.30 
1 33. 03 1. 3 29. . 528.0 ! 8.01 

3 1.0 29.9 28.2 27.3 1 8.76 
30.3 28.0 27.0 20.2 ' 9..53 

29.1 27.5 25.925.1 10.35 

I * i 

2S.o! 20.4’24.9 24.2 11.19 
2t).9i2.5..5;24.0i23.3iil2.07 


22.4 

2T!o 

22.4 

21.7 

20.9 

12.98 

13.92 

14.90 

2l».0* 

2i).a 



20.8 

i».« 

1 

15.91 

10.95 

18.03 

19.13 

20.28 

1 

! 


21.45 

22.06 

2.3.90 


Loads above upper horizontal lini*.s will priMJin-o loaxinnim allowable shear in webs. 
Loads below lower liorizontal lines will pnxluco excessive deflections. 

For inajLimum safe loatLs, see page 213. 
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BEAM SAFE LOADS 


BEAMS 

Allowable Uniform Load in Thousands of Pounds 
Maximum Beading Stre.ss, Id.OOO Pounds Per Square Ineli 


Span • — 
in lilSlii. 
Fcrt , 
•Lia 
llw. 


U(;pth and Weiglit uf Sia-tinus 


12 Inch 


55 50 i 45 


l'J 7.0 I ! 

IUU .2 167 . B ' ISB.a I I 
1-12.7 PM-sfiFTT) 110 4' 
111.1 107.‘> 101.0,5^, 



!('».« 

■ 1 



1 

0 

90. 1 

95. l i 

89.9 

84.7 

7».7' 

7 

82. 4 

8I.5I 

77.0 

72.0 08.3 

8 

72. 1 

71.3I 

07.4 

03.5 

.59.8 

9 

01.1 

()3.l' 

59.9 

50.4 ,53.1 

10 

.57.7 

.57.b 

53.9 

60.8 

47.8 

1 1 

52.4 

51.9 

49.0 

40.2 

43.5 

12 

48. 1 

47.«)i 44.9 

42., 3 

39.8 

13 

44.1 

43.91 

41.5 

39. 1 

30.8 

14 

41.2 

40,8: 

38.5 

30.3 

34.2 

15 

38.4 

38.0 

30.0 


:u.n 

10 

30.0 

a,-.,:! 

,33.7 

.3 1.7! 29. 9 

17 

33.9 

33. Oi 

31.7 

29.9 

28.1 

IS 

32.0 

31.7 

30.0 

28.2 

20.0 

19 

30.4 

30.0' 

28.4 

20.7 

25.2 

20 : 

[28.8 ^ 

28.,5| 

27.0 

25.4 

23.9 

21 i 

I27.5; 

27.2, 

25.7 

24.2 

22.8 

22 1 

120.2 

25.9] 

24.5 

23.1 

21.7 

23 

125.1 

24.81 

23.4 

22.1 

20.8 

24 j 

24.0 

23.8! 

22.5 

2 1 .2 

19.9 

25 

i23.1, 


‘21.0 

■■ 20.3 

•ia.,- 

20 

'22.21 

21.9; 

20.7 

19,.’) 

18.4 

27 

31.4 1 : 




28 

20.0 





29 

19.9 

1 




30 

1..,. 

i 




31 

1 

j is.o 

! 




32 

1 is.o 

i i 



1 


104 . fl 
1(11.5 
81.2 

■iMA\ 
158.0 
-i50.7 
1 4,5.1 
IjdU.O 

Vr.VA.H 
; 31.2 
! 29.0 
I 27.1 

1 1 2.5.4 
1 23.9 
22..5: 
!|21.4 
1120.3 


2,S 

lbs. 

40 

lbs. 

35 30 

lbs. ll)S. 

25 

11)6 

22k ■ 

ll)S. 


149.8 

120.4 1 



1112.810471^ 91.0 



1 

84.0 

78.1 7L0 

«2.U 

50.4 1 


07.7 

02.5157.2 

,52. 1 


C«.2| 




1 

. 59 . 1 : 

50.4 

52.1 1-47.7 

43.4 

I 4 O. 4 ' 


84 0 

7oT 


,54.8150.0 

48.0:44.3 

42.0 39.4 
38.4 35.5 

34.9'32.2 

32.0 29.5 ,, 

29.5:27.3 1 

27.412,5.3 

25.0 i 23.0 

24.0! 22.2 

22.0120.9 
21.3!i0.7 
20.2:1,8.7 
19.2; 17.7 


1 19.3 18.3! 1G.9 
! 1,8.4 17.4 10. 1 
I 17.0 IO.71 15.4 
I 10.9! 10.0 14.8 
lO’.u'i 1».2‘ 


48.4 
4 

37.0 

33.9 

30.5 
28.2 

20.0 

24.2 

22.0 

21.2 

19.9 
18.8 

17.8 

10.9 

10.1 


39.0;.35.8! 32.0 30.3 
34.7131.8128.9120.9 
3 1.2' 28.0.20.0; 24. 2 1 

28.4.20.o!23.7!22.0^ 
20.0i 23.9121. 7 20.2 
24.01 22.0 j 20.0 1 18.0)1 
22.3i20.4| 18.0)1 17.3 
20.8j 19. 1:17.4 10.2 

19..5!i7.9T0.3^5.i' 
18.4; 10.8! 15.31 14.3; 
17.4|l.5.9j 14.51 13.5 
10.4 1,5.1 1 13. 7 12.8 
1,5.0; 14.3; 13.0 12.1 


i-ui; ir,.6 

1J.-2 


{Q oj 
, 'S 


0.15 
1 0.27 
I 0.41 

0.00 

0.81 

1.00 

1.34 

1.00 

2.00 

2.38 

2.80 

3.24 
3.72 

4.24 
4.78 

5.30 
5.98 
0.02 

7.30 
8.01 
8.70 
9..53 

10.35 


':il.l9 
i 12.07 
|: 12.98 
■13.92 
1; 14.90 

:i 

1:1 5.91 
!i 10.95 


l^uads almve upper horizontal liius will produce inaxitnum allowable sbear In web.H. 
Iioada Ix'iow iowiir horizontal lin«^ will produce exceaaivc deficetioos, 

IV inuxiinuin safe loads, see pages 213 and 214. 
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CARNEGIE STEEL COMPANY 


BEAMS 

Allowablk XInifoum IjOad in Thousand, s of Pounds 
Maxifiuitii llciiding Streas, 10.000 Pounds per Squuro Iiudi 


Depth and Weight of Sections 













in 

j 

9 Inch 



Inch 




7 Inch 


Feet 


•M) ! 2.5 

21 

•251-:. ' T.] 

2(0,5 

l.s 

iru 

20 

1715 

1.5 


ll)a. 

lbs. ; lbs. 

He. 

lie. He. 

He. 

Hi.s. 

He. 

lbs. 

lbs. 

lbs. 


i:U.s 

102.4 ' 7a. 1 


8ii.i: 71.8 

.57 1 



«, 

40.4 


3 

s.s.;i 

80.5 72.0 

r ,2 2 

OO.S 57.3 

.53.0 

48.2 


42.0 

30.8 

JiC.O 

4 

00.2 

00.4 1 .54.5 

50.3 

4.5.0 43.0 

40.4 

3V.0 

s.5.2 

32.1 

20.0 

27.0 

o 

53.0 

4S.3 , 13.0 

10.3 

30.5 34.4 

:> 2 .a 

30.3 

31.1 

25.7 

23.0 

22.1 

(5 

44.2 

40.2 .30.3 

,33.0 

30.4 28.7 

20.0 


25.0 

21.4 

19.0 

18.4 

7 

37.0 

.34.5 31.1 

2S.S 

20.1 24.0 

23.1 


22.2 

18.4 

17.1 

15.8 

S 

33.1 

.30.2 27.2 

25.2 

22.8! 2 1.5 

20.2 

To.o 

10.5 

10.1 

14.0 

13.8 

0 ! 

1 20.4 

20. S 24.2 I 

22.4 

20.3 : 10.1 ! 

18.0 

10.01 

17.3 i 

1 14.3 

13.3 

12.3 

i« : 

20.5, 

24.1 2 i..s; 

20. 1 ; 

18.2 1 17.2 1 

I 

10.2 

15.2 1 

15.0 , 

; 12.0 

11.0 

11.0 

1 1 ! 

; 24.1 

22.0 ' lO.S 

1 

18.3 

1(5.0 15.0 

14.7 1 

13.8 

14.2 

' 11.7 

, 10.0 

10.0 

12 

i 22.1; 

20.1 1S.2 

i 1(}..S 

15.2; 1 1.3 

13.5 

12.01 

! 13.0 i 

i 10.7 

, 10. 0 

0.2 

i;i 

1 20.4 

l.s.O lO.S 

15.5 ■ 

It.O: 13.21 

12.4 

11.7 

12.0 1 

0.0 

0.2 

8.5 

14 

IS.O 

17.2 , 1.5.0 

14.4 : 

13.01 12.3 

11.5 

10.8! 

11.1 i 


1 8.5 

7.0 

1;> 

17.71 

11). i 1 14.5 

13.4 

12.2 . 1 1 .5 

10.8 

10.1 

10.4; 


"8.0” 

'■■f.r 

10 

1 0.0 

15.1 ■ 13.0 

12.0 

1 1.4 ' 10.8 

10.1 

0.5 

! 0.7 ! 

b.u 

7.5 

0.0 

17 

15.0 

14.2 ; 12. .S 

1 l.s 

■|'t.7 ; iii.i" 







18 

14.7 

13.4 ; 12.1 

1 1.2 

1 M.i '.m; 


8.1 

! 8 .« i 




10 

"l.l.'.t 

12.7 ' " 

|o f, 

.1 



! 




20 

ia.;i ' 

12.1 liM> 

1 Itl.l 







1 



0.1 r> 

0.27 

0.41 

0.00 
O.Sl 
1 . 0 () 
1 :m 

1.0(5 

2.00 
2.:{s 
2 . so 
:{.24 
S.72 

4.24 

4.7S 

5. os 
0.(i2 






Depth and W( 

ight of Sections 




















(j Inch 


5 1 rich 


4 Inch 



j Inch 



Feet 

17«., 

IH't 

12‘,» 

IT' i , I2« , 

I)-- , 

Ki'y, 9v- ' fp;. 

71,.', 


O'/a 

5 1,2 

1 gQ 


lbs. 

lbs. 

11)8. 

lbs. 11)8. 

He. 

He. ; lbs. 11)8. 

lbs. 

IIks. 

1 1)8. 

lbs. 

1 

1 

R7.0 



60 4 7 


aj.S.jTlI 21.0 


21.7 

20.7 

16-8 

10,2 

■1 

:().02 


40.0 

42.2 

27 0 

32.3 20.1 

fT^ 

10.048.0 JO.O 

15 2 

10.4 

0.0 

K.S 

0.07 

.3 

31.0 

2S.4 

25.. s 

21.5 10.4 

12.V 12.0 1 1.3 

10.0 

(i.O 

0.4 

5.0 

0.15 

4 

23.3 

21.3 

10.4 

10.2 14.5 

12.0 

0.5' 0.0 8.5 

8.0 

5.2 

•1.8 

4.4 

0.27 


! J8.0 

17.1 

1 1 

15.5 

■1 

12.0 11.0 

10.3 

; 7.0j 7.2j 0.8 

0.4, 

4.1 

3.8 

3.5 

|0.41 

0 

15.5 

14.2 

12.0 

' 10.8 : 0.7 

i 8.0 

' 0.31 0.0* 5.0 

5.3' 

3.5 

3.2 

2.0 

0.60 

7 

13.3 

12.2 

11. 1 

; 0.2 1 S.3 

' 7.1 

: 5.-l[ 5.l! 4.8 

1..5 

"R.O 1 

•2.7 

■ 2.5 ■ 

i!o.81 

8 

11. (i 

10.7 

0.7 

i 8.1 i 7.3 

i 0.1 

l.s: 4.5; 1.2 

4 .0 i 

2.6 

2.4 

2.2 

1.06 

9 

10.3 

9.5 ; 

8.1) 

: 7.2 0.5 

1 5.7' 

1 4.2 1 4.0 1 .T-K 

■ 3 . 5 ![ 




1.34 

10 

0.3 

1 8.5, 

7.7 

: 0.5 5.8 

5.2 

1 3.8 1 3.6 : 3.1 

3.2 




; 1 .06 

11 

8.5 

' 7.8 ' 

7.0 

5,9 5.a 

J.7: 

' 1 





2.00 

12 

7.8 

1 7.1 ■ 

0.5 

5.4 4.8 

4.3 

1 ! 

! i' 




2.38 

13 

" 7.2' 

. 6.0 

'■o.(y; 








2.80 

14 1 

0.7 

0.1 

r,.r. 



1 1 1 

1 ll 




■3.24 


T/mda above upper liorizt)ntal lines will produrc niaxiiniiin allowable shear in webs. 
liOads below lower horizontal lines will pnxlucc cxceasivc deflections. 

For maxiinuin safe loads, see page 21 1. 
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BEAMS — Allowable I’niform Load in Pounds per Foot 


BEAM SAFE LOADS 
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CARNEGIE STEEL COMPANY 

MISCELLANEOUS BEAMS 

Allowable Uniform liOAD in TiioubanIks of Pounds 
Maximum Bending Stress, 10.000 Pounds per Square Inch 

H BEAMS 


in 

Fwt 


Depth and Weight of Foctiona 


' 8 Inch 

I :i4.l) rounds 


6 Inch 
23.8 Pounds 


5 Inch 
18.7 I’ounds 


4 Im-h 
13.() Pounds 


Coefficients 

of 

Deflection 


0 

7 

S 

9 

10 


60.0 


.ji.a 

44.0 
88.5 
84.2 

80.8 

28.0 


37.6 

"82T- 

20.7 

2o!i 

17.8 

1 0.0 

14.0 


25.4 
20.3 

10.9 

14.5 

12.7 

11. 8 
10. 1 


J9.0 

14.3 

11.4 

9.5 

5.1 

7.1 


0.15 

0.27 

0.41 

0.60 

O.Sl 

1.00 

1.34 

1.06 

2.00 


12 

25:0 

1 18.- 


8.6 

1 

2.38 

18 

28.7 

j 12.3 



2.80 

14 

22.0 1 

i ii.r. 



3.24 

15 

20.5 ! 





3.72 

10 

19.2 


1 

1 


4.24 

17 

18.1 ■ 





4.78 

18_ 

17.1 



I 


5.30 



(nu)ss 

'PIE SECTIONS 





Depth and Weight of Sections 



.Span 






C-'oeffieients 


0.5 Inch 

i..5 Inch 1 

5.5 Inch i 

4.25 Inch 1 

3 Inch ' 

of 


27..S Pounds '23. 

‘} Pounds j 20.0 PouiuIh ■ 

1 1 

14.5 Pounds j 

9.5 I’ounds j 




41.8 ! 


21.. 1 i 

12.2 ' 


8 

40.6 

40.8 

27. ^ 

19.0 1 

8.9 

0.15 

4 

8S.2 , 

80.2 

21i.O 

14.7 i 

().7 1 

0.27 

5 

30.0 

24.2 

20.8 

11.8 ! 

5.4 

0.41 

0 

25.5 

20.2 

1 7.3 

9.8 ! 

4.5 ; 

0.00 

7 

21,8 

17.3 

14.8 

8.4 1 

8.8 ; 

0.81 

8 

19.1 

15.1 

13.0 

7.3 

8.3 

1.00 

9 

17.0 

13.4 1 

11.5 

0.5 

.3.0 

1 .84 

10 

! 15.8 

12.1 

10.4 

n.u 

2.7 1 

1.06 

11 

18.9 ! 

11.0 

9.4 

6.3 

1 

2.00 

12 

12.7 ' 

10. 1 

8.7 


i 

2.88 

18 

11.8 

9.3 

S.0 



2.80 

14 

lo.-ft 

8.0 

7.4 


i 

8.24 

15 

10.-2 i 





8.72 

10 

0..'j 




1 

4.24 

17 

y.o i 




! 

4.78 


I.oads above upper horizontal lines will produce maxiniuin allowable shear in wcIjb. 
Loads below lower horizontal lines will produce excessive deflections. 
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BEAM SAFE LOADS 


CHANNELS 

AlLOWABLR [JNIFORM I.OAD IN THOUSANDS OK POUNDS 
Miixinium iiciuling Stress, 10,000 Pounds jmt Square Ineli 


Depth ami Wt'ii'ht of Seetiuiis 
15 Inch K'l Inch 
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I3.S 1 1 1 
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l.omis ilhovo upper horizontal lines will produce in iximum alluwalilo Bheai lU v.ebs. 
Loads below lower horizontal lines will prtHliice exce.sHivi.* didlections. 

I'or maximum safe loads, sco paf-ju 215. ^ 
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CARNEGIE STEEL COMPANY 


CHANNELS 

Allowable Uniform Load in Thousands of Pounds 
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:t2.o 

28.5 

:io.8 

27.5 1 24.:i 1 

21.0 

17.8 

1.00 

1) 

;! :is.o 

05.4 

;{i.o 

28.4 

25.:1 

27.4 

24.5 j 21.0 

18.7 

15.0 

i.:i4 

10 

!' :i5.o 

1 

:41.0 

28.7 

2,5.0 

22.8 

24.0 

22.0 i 10.4 

j 

10.8 

14. :i 

l.<)() 

11 

, :ile^ 

29.0 

20.1 

2;i.;i 

20.7 

22.4 

20.0 17.0 1 

I5.:i 

1:1.0 

2.00 

12 

20.2 

20.0 

2:1.0 

2i.;i 

10.0 

20.5 

18.4; 10.2 1 

14.0 

1 1.0 

2.;>8 

i;{ 

! 20.0 

24.5 

22. 1 

10.7 

17.5 

10.0 

10.0 1 1.0 1 

J2.0 

1 1.0 

2., so 

14 

'i 25.0 

.),> js; 

20.5 

i.8.:i 

io.:i : 

1 17.0 

15.7 1:1.0 ' 

12.0 

10.2 1 

:i.24 

1.5 

2.1, ;{ 

1 “^■“i 

10.2 

17.1 

1.5.2 

Ki.l 

1 14.7 12.0 ' 

11.2 

0.5 ; 

j :i.72 

10 

' 21.0 

1 10.0 

18.0 

10.0 

14.2 

15.4 

! i;i.8 12.1 

10.5 

s.o i 

■ 4.24 

17 

20. «» 

18.7; 

1 10.0 

15.1 

1:1.4 ; 

14.5 

1:1.0 11.4 : 

0.0 

8.4 : 

; 4.78 

IS 

! 10.5 

17.7 

1 Ki.O 

14.2 

12.7 

i;i.7 

1 12.2 10.8 ' 

o.:i 

7.0 ; 

,5.:io 

10 

IS.l 

' Iti.H' 

! 15.1 

1:1.5 

12.0 . 

1:1.0 

■ 11.0 J0.2 

s.s 

7.. 5 

, 5.08 

20 

: 17.5 

15.0 

1 14.1 

1 

12.8 

Il l ; 

J2.;i 

1 1 

1 11.0 0.7 

1 ; 

8.4 

' 7.1 i 

0.02 

21 

’ 10.7 

1.5.2’ 

: i:?.7 

12.2 

10.8 

1 

i 1 1 .7' 

1 ; 

in..', '.i.'J 

8.1) 

' )1.8" 

, 7.;io 

22 

15,0 

14.5 

1 1:1.1 

1 l.O 

10.4 

1 l 1 .3 

)n.() 8.8 

7.(1 

ll..') 

S.Ol 

2,1 

15.2 

i;:.o 

12.5 

11.1 

0.0 




j 

8.70 

24 

Il.t) 


! 12.0 

10.7 

0.5 



1 


; 0.5:1 

25 

•tui 1 

1 1 

j i 

■' to.-.! 

', 1.1 





10.115 

20 



! n.i ' 

0..S 

' 

1 J 

i 1 



11.10 


Loads alicnc tiiipi.T horizontal Lins will prodina" iiiaxiiiium ulluwaWc slieur in weLs. 
Loads Ik'Iow lower horizontal lines will produce excessive deflections. 

For inaxiuiurii safe loads, see page 21o. 
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BEAM SAFE LOADS 


CUIANNELS 

Allowaulk Uniform J..0AI) in 1'iiousand.s of Pounds 

M:ixinmni llriuling Sfross, KJ.OOO Pounds por Squarn Inch 

l)p])th Sind Wui^ht *if Sirtiuns i ® a 

.... . ■ . ..... j 4-» O 

>V'‘ Dlrmli l; sinch 7 fnch I 1'^ 

in ; j 

1‘eetli 25 20 1 15 ii;d,i 21'i 1S''| Pii , i i:p , , 1 1 1 1 !)••', . ]7i , IF'i r."i •t''i 

lliH. lbs. ; ll.)fa! lbs. :i lbs. j lbs ! lbs. j lbs. \ lbs. lbs. ibs. lbs. ' lbs. lbs. | J 


no." ' 81.4 : I !; ^ 7 .H.t 1 l>t.S I 4 t*.l ! SS.fi ' T.'l.il ' t4.r> ! 


2 

S.4.S 72. Oi 51.8 ' 41.4 

04.7 .7S.5 .54.2I4S.O r,.!* 

50.0 

Oi.O tl.l 40. S 


0.07 

A 

5.5.1) IS.O 10.2 47.1 

42.5140.0,45.5 42.0 2S.7 

44.7 

40.7 27.0 24.0 

21.4 

0.15 

4 

11.1)40.0 40.1 2S.0 

41.S,20.2l20.0 21.0:21.5 

25.4 

24.0 20.7 1S.4 

10. 1 

0.27 

.5 

44..") 2S.S 21.1 22.4 

25.5;24.4 21.4 10.2jl7.2 

20.2 

I S. l 10.0 1 1.7 

12.0 iO.41 

(i 

27.0 24.0 20.1 1S.7 

21.210.5 17.7ll0.o'l l.l 

10.0 15.4 14.S 12. .4 

10.7 

0.00 

7 

24.0 20.0 17.2 1 0.0 

IS. 2 10.7 I5.2'l.4.7 12.4 

14.4 

14.1 1 I.S 10.5 

0.2 

O.Sl 

S 

20.0 IS.O 15.1 1 1.0 

15.0,1 1.0 I4.4ll2.0:i0.S 

12.0 

11.5 10.4 0.2 

S.O 

1.00 

R 

IS.O 10.0 14.4 12.5 

14.2 14.0 1 I.S 10.7 0.0 

11.2 

10.2 0.2; S.2 

7.1 

1 .44 

10 

lO.S 14.4 12.1,11.2 

12.7|11.7 10.0 0.0 S.O 

10.1 

'‘■•‘I 

t).4; 

1.00 

11 ' 

15.2 1.4.1 11.0 10.2 

ll.0 10.<); 0.7 8.7 7.S' 

0.2 

8.4: 7.51 0.7 

r>.s 

2.00 

12 

14.0 12.010.1 1 0.4 

10. 0| 0.7! S.O S.ol 7.2 

S.l 

7.7 0.0 1 0.1 

5. 1 

2 4S 

14 ; 

12.0 1 1.1 j 0.41 .S.O 

■ O.S O.Oi S.2 7.1 0.0 

7.S 

7.1 0.1 5.7 

4.0' 

2. SO 

14 ! 

12.0 10.4! S.O S.O 

' 0.1! S.4 7.0 O.ol 0.2 

7.2 

0.0' 5.0! 5.4 

4.0 

4.24 

1.5 

11.2; O.O: S.O 7.5 

8.5, 7.S. 7.1 0.4 1 5.7 

fi.7 

"fi.l ' j •1.’/ 

4.;! ; 

4.72 

K) 

1 10.5! 0.0! 7.5 7.0 

S.O' 7 4 0.7; 0.0; 5.4 

C.:) 

.•'..7 .'.,2 i J.fi 

1.(1 ' 

4.24 

17 i 

I 0.0; S,5: 7.1' 0.0 

: 7..‘. j ♦;.!* . (;.8 1 .'>.6' 1 '5.1 



j 

4.7S 

IS ' 

! 0.4i S.ol 0,7 0.2 

; 7.1 I (;..•> ! :<A , i.s 




i5.40 

11) i 

b '.S.S ' 7.0 (i.fi 





i5.0S 

20 ' 

XA ' 7.2 fi.ll ' .5.0 




1 

i0.02 


S|tfin 

in 

J’cct 


Dfplb :itnl Weight of Si'ctioim 
li toich Sinch 4 Inch 

151- 1 111 i loU; : s i! 11 ';;, !i ; fii;. T'd i i;' , 5' i 

lbs. I Ibs. ! lbs. ' lbs. I lljs. i lbs. lbs. 1 lbs. ! ilw. lbs. 


:{ Inch 

tl 5 4 

lb.s. ;b.s. • lbs. 





1 

fi7.fi 

r.'j.s 

:i.s.2 

•.’4.0 

14,1 


, : 

v.M) ! 

21.1: 

•20 

2 

14.4 

14.7 14.1 1 UK-1 i 

0.02 

2 

4 1 . 7 

40. S 

2(>.0 

24.1 , 

22.2 

IS 

O' 

I5.S 

12.2: 

1 1 

1 

10.1 

7.4; 0.0 1 5.S; 

0.07 

4 

24.2 

20.5 

17,0 

15.4 

ll.H 

12 

o! 

io.5;| 

s.l] 

7 

4 

0.7 

4.0 4.4; 4.0: 

0.15 

4 

17. 1, 

15.4 

14.4 

1 1 .0 

II. i; 

0 

5! 

7. 011 

0 1; 

,5 

0 

5.1 

4.7' 4.4' ‘2.0 

0,27 

5 

14.0 

12.4 

lO.S 

0.2,1 

s.o' 


0; 

i 

0.4. 

■"•’1 

4 

r 

4.1 

2 0 2.0: 2.;: 

0.41 

0 

i 

1 1.0 

10.4 

0.0 

77'! 

7.1 

0 

1 

.4 

- ■•!' 

4.U 

.4 

7 

4.4 

2.5 2.2 1.0 

0.00 

7 

0.0 

s.s 

7.7 

().0 ' 

<i.4' 

.-J 

41 

pHji 

4.5! 

4 

2 

2.0 

•2.1 l.'.» 1 1.7 

O.Sl 

•s ! 

1 S.7' 

7.7 

0.7 

5,S’I 

5.5! 

4, 

,71 

4.o!i 

4.0i 

2, 

!sj 

2.5 

1.8 1.4 . i.r. 

1 .00 

0 : 

' 7.7 ' 

O.S 

0.0 

5.1 i 

I.Oi 

4. 

■ 2 

4.5 ; 

■•2.7 ; 

2 . 


■ 2 .‘2 

' i 

1.44 

10 

i 0.0! 

0.2 1 

5.4 

4.0: 

4.4 1 

..s. 

4.2 1 

2.4 ‘ 

2. 


1 -2.0 


1.00 

11 

0,.4: 

5.0 

4.0 

4.2'i 

4.0 1 

3 

J i 

2.1* ; 






2.00 

12 

5. S' 

5. 1 ; 

4.5 

4.0 

3,7 

3 

’ , 

2.B r 




i ' 


2.4S 

14 


■ 4 . 7 ' 

4.1 

.S.fi 










2. SO 

14 

r..(i 1 

4.4 1 

!1.8 











4.24 


l.<unds uIkivu upper horizontni liiu’S will proiiuct^ maximuni allowable shear in webs. 
Ixiads below lower horizontal lines will jirodiiee exetusive defl(K:tious. 

For inaxiinurn safe loads, see pi 4 ;e 215. 
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CHAN XKT.S — Allow AH i.K rxiFouM Load in Pounds per Foot 


CARNEGIE STEEL COMPANY 
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CIIAXXELS — Alhavabli: Uxifokm Load i.v Pounds per Foot 


BEAM SAFE LOADS 
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Size, 

IncheM 


8 X S 

8x8 

5 X S 

8x8 
8 X S 

8x8 
8 X S 

8 X S 

8x8 
8 X 8 

8 X S 

f. X (i 

0 X r. 

6x0 

6 X <i 

6x0 
6 X 0 

6 X ( '• 

() X 0 

6 X (i 

0 X (• 

6 X 0 

fi X 5 

0 X T) 

6 X 0 

r> X 0 

5 X r, 

5 X r> 

5 X o 

,^) X r> 

r> X 5 

0 X r» 

X Ti 

1 X 4 

4x4 
4x4 
4x4 
4x4 
4x4 
4x4 
4x4 
4x4 
4x4 


CARNEQIE STEEL COMPANY 

KQUAL ANGLES 


Allowable Unifoum TjOad in 'riioiisANDS of Pounds 


Neutral Axis Parallel t« Either Lejc 


Maximum lltiiulinK Sin\ss, 16,000 Pounds ptT Square Inch 


Tliick- 

IR-SH, 

Indies 


13^8 

i I'rt 
1 

If! 

H 

lii 

H 

■i 

i’« 

ji 


I 

1 ! 

li 


1 II 

3 2 




1 


1 Foot 
Spun 

Ma.xiinuin Span ■ 
;»)0.\ Defied Kin ' 

1 



Size, ! 
Indies i 


Safe 

Safe 

l.en;'.(.li, ; 


IaxkI 

l.uad 

I'eet 


ISti.Ot) 

S.41 

22.5 ! 

{'•.X4i.., 

177.81 

7. .87 

22.6 i 


10S..->;.1 

7.44 

22.7 i 

i‘i!X4'2 

1.')U.15 

6.08 

22.8 1 

1 ' j X :{ ' 2 

i ' X 4 ! 2 

140. .75 

0.74 

22.0 i 

i;m.84 

0.0.8 

-4? i 

P.'!x4ii! 

Pio.od 

5. <•.4 


{‘2X4'2 

120.00 

7. IS 

24.2 i 

{I■.X4'•2 

100. .87 

4.74 

24.2 1 

i']x4.'2 

00. <>4 

4.28 

24.. 4 1 

4 X 4 

80.28 

4.82 

24.4 

4 *x 4 

01.41 

.7.48 

10.7 ' 

4 X 4 

4 X 4 

8().5 1 

7.10 

Di.S i 

4 X 4 

81.40 

4..S4 

10.8 ! 

4 X 4 

70.27 

4.71 

1 0.0 i 

4 X 4 

7i.04 

4.I.S 

17.0 

2'.,x2' i 

0,7.81 

4.87 

17.1 

232X23-2 

00.47 

4.51 

17.2 

2 ' 2 X 23 2 

5-1 .,S4 

4.17 

17!.4 

•2.' 2X2 ’ 2 

40.17 

2..S4 

17.4 

2 ' '2X23 2 

44.11 

2.48 

17.5 

2' -2X2 3 2 

47.(57 

2.14 

17.0 1 

232 x 232 ; 




' 2 x 2 ! 

01.87 1 

4.77 

14.0 ! 

2x2 

58.70 

4. 28 

14.7 ; 

2x2 

77.17 

4.00 

14.8 i 

ri ^ 

51.74 

48.42 

4.74 
i 4.47 

14.0 i 
14.0 i 

; 2 X 2 

44.801 

i .4.18 

11. 1 , 

1 * l X 1 

41.17 

! 2.00 

l-jo iD’+xi-;., 

11:4 

47.44 

1 2.02 

44.00 

! 2.44 

14.4 

l-S X P ' 4 

20.70 

2.00 

14.5 

UUxl:',! 

27.81 

1.78 

14.5 

;i3ixl32 

42. 1 1 

2.05 

10.0 

il'2Xl3'2 

‘ 1 . X 1 3 

20.07 

2.74 

11.0 

' 2 X 1 ‘2 
13 - 2 X 1 ’2 

27. ,84 

2.51 

11. 1 

27 00 

2.20 

11.2 

l3<<Xl3-;( 

l.VixP-.i 

24.40 

2.07 

11.4 

21.01 

l.,S5 

11.4 

1',' xl'r, 

18.07 

1 .04 

11.4 

Uixlji 

10.21 

1.11 

11.5 

1 X 1 

14.70 

l.IO 

11.0 

1 X 1 

11.20 

0.06 

11.7 

1 X 1 


Tiiick- 

ness. 

Inches 


H 


1 Font I Maxiimiin Span 


Syan 

.‘IfiO .V Defleetion 

Safe i 

Safe 

Lcn^dh, 

Load 

1 Aiad 

Feet 

24. (-to 

2..55 1 

0.4 

22.51 

2.47 ] 

0.5 

20.01 

2. IS 

0.0 

10.41 

2.00 

0.7 

17.00 

l.Sl 

0.7 

15.80 

1.02 

O.H 

1-1.08 

1.-12 

0.0 

12.27 

1.24 

10.0 

10.15 

1.04 

10.1 

<8.-14 

0.8,4 

10.2 

14.87 

1 .00 

8.2 

I2.(>0 

I..54 

8.3 

1 1.41 

1.47 

8.3 

10.14 

1.21 

8.4 

8.85 

1.04 

8.5 

7.77 

0.88 

8.(1 

0.10 

0.71 

8.7 

7.70 

1.15 

0.8 

0.04 

1.01 

0.0 

0.08 

0.87 

7.0 

7.12 

0.72 

7.1 

1 4.10 

0.58 

7.2 

4.20 

0.-14 

7.3 

2.14 

0.20 

7.4 

1 4.27 

0.70 1 

5.4 

i 4.74 

O.OS 1 

5.5 

1 4.20 

0.57 ! 

5.0 

1 2.07 

0.10 1 

5.7 

1 2.04 

0.45 1 

5.8 

1 1.40 

0.21 

j . 5.8 

1 4.20 

0.08 

1 4.7 

1 ‘^77 

0.00 

4.7 

2;45 

0.51 

4.8 

2.04 

0.4 1 

4.0 

1.40 

0.40 

5.0 

1.07 

0.21 

5.1 

2.04 

0.51 

4.0 

1.71 

0.12 

4.1 

1.40 

0.44 

4.2 

1.07 

0.25 

4.3 

0.77 

0.17 

4.4 

1.17 

0..40 

3.3 

0.07 

0.20 

3.4 

0.70 

0.22 

3.5 

0.52 

0.14 

3.6 

0.60 

0.22 

2.6 

0.47 

0.17 

2.7 

0.43 

0.12 

2.8 
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BEAM SAFE LOADS 


UNEQUAL ANGLES 

Allowable Unifokm Load in Thousands of Pounds 
N eutral Axih Parallel to Shorter Leg 


Maximum Bunding Struss, Ki.OOO Pounds ikt Squiiro Incli 






1 Foot 

Maxiiiiuiii Span 




1 Foot 

Maxitnuni Span 


Size, 

Thick- 

iS^aii 

,'}G()xlJt;lI(.M!tion 


Sizc‘, 

Thick- 

Span 

UGOx Deflection 


[nclies 

I uchca 

Safe 

Safe 

Leneth, ii 

nchffl 

Inches 

Safe 

Safe 

Length, 





Load 

Load 

Feed 




lAmi 

Load 

Feet 

8 

X 

(i 

1 

lGi.l7 

7.49 

21.5 

<» 

x3<a 

1 

83.52 

5.57 

15.0 

8 

X 

() 

jli 

iri2.2l 

7.04 

21.0 

0 

x3iii 

111 

79.04 

5.24 

15.1 

H 

X 

() 

Vs 

148.04 

0.59 

21.7 

0 

X3j2 

u 

74.45 

4.90 

15.2 

S 

X 

G 

li! 

138.87 

G.14 

21.8 

,0 

x3ii 


09.87 

4.57 

1.5.3 

8 

X 

G 

h 

124.48 

5.08 

21.9 

0 

X 3|i 

^4 

05.07 

4.23 

15.4 

8 

X 

t) 


1 14.88 

5.22 

22.0 

0 

X 3,4 

lA 

00.27 

3.89 

15.5 

8 

X 

G 

H 

105.28 

4.70 

22.1 

|0 

x3'i 

?8 

55.30 

3.55 

1.5.0 

8 

X 

G 

lit 

95.47 

4.30 

22.2 

|0 

x3ja 

i’ll 

.50.35 

3.21 

15.7 

8 

X 

G 

.’2 

85.55 

3.84 

22.3 

0 

x34 

4 

45.23 

2.80 

* 15.8 

8 

X 

() 


75.4 1 

3.37 

22.4 

0 

x3,'a 

i'll 

40.00 

2.52 

15.9 

8 

X ;u 

1 

140.03 

7.. 53 

19.4 

'0 

X 3,'i 

% 

34.07 

2.17 

lO.O 

8 

X 



138.03 

7.08 

19.5 

0 

X3^i 

i'll 

29.2.3 

1.8.3 

10.0 

8 

X 

i'i 

Ji 

129.92 

0.03 

19.G 







8 

X 


u 

121.G0 

0.17 

19.7 

5 

X 4 

Vh 

.53.2.3 

4.00 

13.3 

8 

X 

Pi 

h 

1 13.17 

5.72 

19.8 

5 

X 4 

li! 

.50.0.3 

3.73 

13.4 

8 

X 


j.\ 

104. .58 

5.23 

19.9 

5 

X 4 

34 

40.01 

3.40 

13.5 

8 

X 

Pi 


95.79 

4.78 

20.0 

5 

X 4 

1.‘. 

13.20 

3.19 

13.5 

8 

X 

P'i 

ill 

80.93 

4.32 

20. 1 

O 

X 4 


39.79 

2.92 

13.0 

8 

X 

Pj 

77.97 

3.80 

20.2 

5 

X 4 

i'll i 

30.*B‘, 

2.04 

13.7 

8 

X 

Pi 

1 d 

GS.80 

3.39 

20.3 

5 

X 4 


.32. .53 

2.30 

13.8 

7 

7 

X 

X 

Pi 

Pz 

• 

1 

IM 

1 12. .85 
100.07 

0.52 

0.13 

17.3 

17.1 

5 

X 4 

X 1 

1'8 

2S..S0 

24.90 

2.07 

1.7S 

13.9 

1 4.0 

7 

7 

7 

7 

7 

X 

X 

X 

X 

X 

Pi 
P'i 
P'i 
Pi 
V’2 
Pi 
P'i 
{ ' . 
Pi 

1h 

u 

u 

5''i 

100.48 

94.08 

87.08 
81.07 
74.35 

.5.75 
5.30 
4.97 
4.. 58 
4.18 

17.5 

17.0 

17.0 ; 

17.7 i 

17.8 

17.9 

18.0 
18.1 
18.2 

5 

j5 

|5 

X 3 ' .,5 

X 3'.j 

x3,!-.. 
X 3 j 2 
X 3,4 

111 

?4 

iA 

D;8 

52.05 

48.8.5 

45.05 
42.35 
38.93 

4.01 

3.70 

3.49 

3.21 

2.93 

12.9 

13.0 

13.1 

13.2 

13.3 

7 

7 

7 

7 

X 

X 

X 

lit 

Pi 

I'rt 

00.59 

53.44 

40.19 

3.77 

3.37 

2.90 

2.54 

5 

.5 

X 33 a 

x34 

X341 

x33. 

ill 

3_2 

pH 

35.4 1 
31.89 
28.10 
21.43 

2.04 

2.30, 

2.07 

1.79 

13.4 

13.5 

13.6 

13.7 

6 

X 

4 

1 

85.55 

5.. 50 

15.4 

;5 

X 33 a 

ill 

20,09 

1.51 

13.7 

C 

X 

4 

If: 

80.90 

5.22 

1.5.5 







(5 

X 

4 

U 

76.27 

4.89 

15.0 

;.5 

X 3 

PI 

47.47 

3.77 

12.6 

G 

X 

4 

ill 

71.47 

4..55 

15.7 

■ 5 

X .3 

?4 

4 1.37 

3.49 

12.7 

G 

X 

4 


0<;.G7 

4.22 

15.8 

15 

X 3 

lA 

41.17 

3.22 

12.8 

a 

X 

4 


01.05 

3.88 

15.9 

.5 

X .3 

H 

37.87 

2.94 

12.9 

G 

X 

4 


50.04 

3.54 

10.0 

15 

X 3 

i'« 

34.45 

2.05 

13.0 

G 

X 

4 

I'ft 

51., 52 

3-20 

10. 1 

i.5 

X .3 

3^i 

31.04 

2.37 

13.1 

6 

X 

4 


40.19 

2.85 

10.2 

5 

X .3 

m 

tl 4 -5*2 

2.09 

13.2 

G 

X 

4 

i'll 

40..S5 

2.51 

10.3 

•5 

X 3 

,*'8 

23.89 

1.80 

13.3 

G 

X 

4 

H 

35.4 1 

2.10 1 

10.4 

Is 

X 3 

1# 

20.10 

1.51 

13.4 
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CARNEQIE STEEL COMPANY 


UNEQUAL ANGLES 

All(3Waule Uniform Load in Thousands of Pounds 

Neutral Axia Parallel to Shorter LeK 
Maximum Hundinf? Stress. lU.ODO Pounds per Square Ineh 



! 

1 I'Viot 

Maximuni 

Span 

i 

1 

Size, 

1 nch(iB 

Thick- 1 

span 

300 X Dellt 

etion 

i Size 

Thick- i 

neas, 
Inches 1 

Safe 

Safe 1 

englh, 

■ Inches 

; 

ne.ss, j 
Inelu.'S j 



Loud 

Load 

Feet 



4*/2 X 3 

li‘> 

3S.<»1 

3.30 : 

11. r> 

3 x2'.. 

V' i 

4>^x 3 

:4 1 

3(i.0r> 

3.1 1 

iL.r. 

■ 3 x2}i,. 

4 

4'.2X 3 


33.40 

2.S7 

1 1.7 

■ 3 x2;..; 

i« 

4'.. x 3 

V'j ' 

30. S3 

2.02 

ll.S 

' 3 x24 


4 U 3 

1 

2S.1() 

2.3.S : 

11. s 

3 x2 4 


4 4 X 3 

-- 1 

2.'..2S 

2.13 

11.0 

I 3 x23v! 

.*•4 1 

4 ' a X 3 

1 I'o 1 

22. 0) 

1.S7 

12.0 



4 4 X 3 

1 ' 1 

10..O2 

1.01 

12.1 

'3x2 


4h X 3 

i 

10.13 

1.3.7 ' 

12.2 

r 2. X 2 

• 3 .X 2 

■ j 

4 x3'.j 


31.1.7 

2.04 

10.0) 

! 3 X 2 


4 x3' j 

1 

.'’i 

1 ,'. 

20.23 

2.73 

10.7 

3x2 

' 'I i 

4 x3'2 

27.20 

2 .72 

lO.S 


1 1 

4 x3 4 


2.7.07 

2. .30 

10.0 

24 X 2 

i 1 

4 x3'-j 

I'l 

22.03 

2. OS 

ll.O 

,2.'...x 2 

I'l'. 1 

4 x34 

i... 

20.00 

1 ..SO 

11.1 

12 '-.x 2 


4 x3 4. 

V 

IS.3.7 

1.04 

1 1.2 

j2' -,x 2 

1 0 1 

4 x3 4' 

■4 

10.00 

1.41 ; 

11.3 

| 24 x 2 

'•1 i 

4 x33ii 

1 

13.14 

1.1 S 

11.4 

l24x 2 
!2L.!X 2 

1 i 


4x3! U ! :i03)l ' 2.07 10.3 |i 


4 X 

1 


2s.r)0 ’ 

2.7.7 

10.4 :■ 

21 aX 14; 

4 X 

3 ! 


20.70 i 

2.. 73 

10.5 ! 

2'aX J.' J 

4 X 

3 1 

■’’4 

21.. 73 

2.31 

lO.O i 

2'.-xl 4-' 

4 X 

3 

i'- 

22.40 

2.00 

10.7 ' 


4 X 

3 

' .1 

20.10 

1.87 

10.8 1 


4 X 

3 

I 


17.02 

1.04 

10.0 j 

J!.i X 1 .‘ j 

4 \ 


17,. 77 

1.12 

11.0 i 

2 ' 1 .\ 1 2 

4 X 

3 

V’.i 

13.12 

1.10 

11.0 i 

2 1 1 X 1 4 

4 X 

3 

}-i 

10.07 

0.90 

11.1 1 

2‘.fxl 1 - 

31 X 

3 

LI 

23.47 

2..77 

0.1 

24 x 1 .'- 


3 


21.87 

2.38 

0.2 


3>3 X 

3 

it 

20.37 

2. 10 

0.3 

“ 1 1 " 

34 X 

3 

^'S 

18.77 

2.00 

0.4 

" ■ ' - 

3 I 3 X 

3 

I’fl 

17.17 

l.Sl 

0.5 

0 '' 1 1 “ 

34 X 

3 

}'■! 

17.47 

1.02 i 

0.5 : 

1 w X 1 J 

, V 1 1 . 

3.4 X 
3 ‘ '2 X 

3 

3 

I'rt 

13.70 

12.05 

1.43 j 
1.24 1 

0.7 

\ J X 1 *2 

34 X 

3 

A 

10.24 

1 .05 

9.8 

2 xl4 

34 X 

3 

4 

8.32 

0.84 

9.0 

2 XI 4 

34 X 

24 


10.73 

2.19 

0.0 

I4x ILi 

34 x 24 

18.24 

2.00 

1 O.l 

l-K X 14 

34x24 

yi 

10.04 

1.7.04 

1.82 

1.03 

1 0.1 
0.2 

14 x 14 

34x24 

34x24 

ii 

13.44 

11.73 

1.44 

1.24 

i 0.3 

1 9.4 

14 x 14 

34x24 


0.02 

1.04 

9.5 

14x14 

34 X 

24 

'h 

8.00 

0.S3 

1 9.0 

14 x 14 
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It 


1 Foot 1 Maxiiimin Span 
Span I iifiOx Deflection 


Safe i 

Safe 

LeuRth, 

litiad j 

Load 

Feet 

12.27 ! 

1 .73 

S.O 

1 1 .00 ; 

1 .37 

8.1 

0.02 1 

1.22 . 

8.1 

8.04 ! 

1 .00 

8,2 

7.30 1 

0.80 

8.3 

5.07 1 

0.71 

8.4 

lO.tw 1 

1.30 

■ 7.7 

0.40 

1.22 

7.8 

8.32 

1 .07 

7.9 

7.01 

! 0.88 

8.0 

7.70 

0.71 

8.1 

7.47 

1.15 

0.5 

0.72 

1.02 

0.0 

7.87 

0.88 

0.7 

7.01 

0.71 

0.8 

4.07 

0.70 

0.9 

3.00 

0.14 

7.0 

2.13 

0.30 

7.1 

4.00 

i 0.73 

0.4 

! 3.84 

1 0.70 

0.5 

2.00 

'1 0.17 

0.0 


5.70 

1.02 

.7.0 

5.12 

0.00 

5.7 

4.48 

0.77 

5.8 

3.84 

0.05 

5.0 

3.20 

0.53 

0.0 

2.47 

0.40 

0.0 

3.03 

0.70 

5.2 

3.00 

0..78 

5.3 

2.70 

0.47 

5.4 

1 .02 

0.35 

5.5 

1..30 

0.24 

5.0 

2.47 

0.47 

: 5.2 

1.92 

0.30 

: 5.3 

1 .02 

0.42 

1 4.6 

1.40 

0.32 

i 

1.00 

0.21 

4.8 

1.71 

0.44 

! 3.9 

1.39 

0.35 

] 4.0 

1.07 

0.20 

i 4.1 



BEAM SAFE LOADS 

UNEQUAL ANGLES 


Allowable Unifoum Load 'I’iiousands of Pounds 

Neutral Axis Parallel to Longer Leg 
Maximum Hrnding Stress, Hi.OtM) I *011 mis p«‘r Stjuan' Tneh 





1 I'VlOf, 

Span 




1 I’oot 

Ma.ximiim Span 


Siz(‘. 

Tliick- 

iviaii 

:Ui(.i.KlJt'Hectii»ii 



Thirk- 

Span 

Di'tlcctioii 

ItR'Iies 

lllC.lU'S 

Safe 


Length, 

1 ticlios i 

liiclic.s 

Safe 

Safe 

Loufdh, 




].ua<l 


Feel 




Load 

Load 

I’l'Ct 

,S 

X (» 

1 

Bo. 15 

.5. 1 1 

17.5 

0 

X 3'..' 

, 

:{o.b;{ 

:;.()B 

10.0 

S 

X (') 

1.': 

SB. 92 

5. 1 i 

17.0 

0 

X 3L. 


2B.2.3 

2.B0 

10. 1 

S 

X (» 


Sl.(iB 

4.7B 

17.7 

0 

X 3'.; 

Tii 

27.03 

2.71 

10.2 

S 

X (i 

i;l 

7B.;{(i 

4.};") 

17.S 

0 

X 3L, 

liJ 

25. B2 

2.52 

10.3 

S 

X «) 

?'i 

7U.B2 

1.13 

17.B 

0 

X 3'., 


24.21 

2.;;;; 

10.4 

s 

X 0 


(is.:i7 

3. SO 

LS.O 

0 

X :u 2 


22.51 

2.14 

10.5 

s 

s 




3.4S 

IS.O 

LSI 


X 


20. OB 
IS.SS 

1 B5 

10.0 

10.7 

X t» 



3. 1 .5 

0 

X 3' 2 

I'o 

1.70 

s 

X ti 

1.., 

rii.ttB 

2.SI 

1S.2 

<1 

X ;{' 2 

.L 

lO.BO 

1 .57 

10.8 

s 

X <i 


if). 12 

2.47 

1S.3 

0 

\- 3L. 


15.04 

l;{s 

10.9 





3.10 

10.4 

0 

X 3L. 


13.12 

1 . 1 B 

1 l.O 

s 

X :u.j 


;?2.2i 

0 

X :;'2 

^r. 

1 LOB 

LOO 

11.1 

s 

N .! 


;i(). 10 

2. BO 

10.5 


1 





s 

s 

\ .‘(I •. 

X ;{ 1 


2S.()B 

•J().SS 

2.71 

I0.i> 

10.7 

J* 

X 1 

% 

35.3 1 

:5.15 

2.B.3 

2.71 

11.2 

1 1.:; 

1 1.4 

s 

X j 

i-i 

25.07 

2.33 

lo.s 


\ 1 

i't 

;;o.B3 

s 

s 

s 

s 

X 

X ;u 

\ 

x;u, 

V 

1 

23. 1 .5 
2i.;i;{ 
ii).i i 

r A- 

2.13 

1 .B4 
1.74 
1..07 
1.3S 

10. B 
i 1 .0 

1 i.i 
: 1.2 

11. ;; 

0 

X 4 

X 4 

X 1 

X 1 

U 

I'c 

1 

2S.0B 
20.15 
24. 1 1 
21.70 

2.50 

2.2s 

2.10 

LSI 

11.5 

1 1.0 
11.7 

1 l.S 





5 

X 1 


IB.31 

1.02 

1 LB 

7 

X 

1 

! ;n..')7 

' 3.10 

' 10.2 

.■> 

X 1 

.1 • 

10.75 

1.40 

12.0 

7 

X ::'2 

ill 

2B.N7 

2. BO 

10.;; 







7 

X ;U2 


2S.1(> 

2.71 

i 10.1 

5 

X3'.^ 

Jh 

20. SS 

, 2.71 

B.B 

7 

X :54 

ll‘ 

2ti.4.5 

2.52 

10.5 

.5 

x3L, 

u 

25. 2S 

: 2,53 

; 10.0 

7 

X 

1 

21.01 

2. .'>3 

10.0 

! 5 

x3'2 

'* 1 

2.3.0s 

; 2.:;i 

10.1 

7 

X :u..> 

l.\ 

22.s:i 

; 2.11 

10.7 

i ^ 

x:;l> 

I'l 

2LB7 

; 2.15 

10.2 

7 

X 3! 2 

! N 

2J.01 

i 1.B5 

lO.S 

! 5 

X 3 1 

?'H 

20.27 

I.B7 

10.;; 

7 

X :\'l 


1B.2() 

; 1.70 

lO.B 

i 5 

x3>2 

7;, 

IS. 15 

L7S 

1 10.4 

7 

X 3 1 2 

1 12 

J7.2S 

; 1.57 

; 11.0 

i “> 

X 2 

.' i 

10.01 

' 1.00 

' 10.4 

7 

X ;{ 1 2 

l'(l 

l.o.lBi 

1 1.3s 

; ILL 

! 

X 2 

L. 

1 LS3 

1 1 11 ! 

10.5 

7 

x:5'a 

1 '' 

13.44 

1 I.IB 

j 11.2 

5 

X ' 2 

a 

LJ.BI 

' 1.22 

10.0 







5 

X3>.] 

I'n 

lO.SS 

1.02 

10.7 

(i 

X 4 

1 

10. 4.4 

3.55 

1 1 .4 






0 

t> 

(> 

X 1 

X 4 

X 4 

iil 

;;,s.2B 
30.10 
33. B2 

3.33 

3. 12 

2. BO 

j n.5 
ll.C. 

' 11.7 

5 

X ;t 

X .3 

l; 

IS. 50 i 
17..3B 

! 2.10 ' 
i 2.00 1 

8.6 

S.7 

() 

X 1 

lA 

31. OS 

2. OB 

ll.s 

r> 

X ;i 

E 

Kl.l 1 

1 LS3 

s.s 

i) 

X 4 

2B. 1 4 

2.17 

ll.B 

.5 

X ;; 

/.S 

14. S3 

! 1.07 

S.B 

<> 

X 1 


27. OB 

2.20 

12.0 

; 5 

X .3 

r.i 

13.5.5 

1.51 

B.O 


X 4 

l’'rt 

24.04 

2.05 j 

12.0 

5 

X :i 

1 

12.27 ; 

1.35 

B.l 

<> 

X 4 


22. IB 

1.S1 

12.1 

5 

X 3 1 

l‘n 

lO.SS 

I.IS 

B.2 

t> 

X 4 

IB. 7.3 

1.02 1 

i 12.2 

n 

X 3 

L 

B.IB ! 

1 .02 

B.3 

6 

X 1 

ll 

17.07 

1.3B 1 

1 12.3 

5 

X 3 : 

A 1 

8.00 

0.S5 

0.4 
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CARNEQIE STEEL COMPANY 

UNEQXIAL ANGLES I 

I 

Allowable Uniform Load in Thousands of Pounds | 

Neutral Axis Parallel to Lonurer Leg | 

Maximum Bonding Stress, 16,000 Pounds per Square Inch 




1 Foot 

Maximum Span 



1 Foot 

Maximum Span 

Sise, 

Thick- 

Span 

360 X Deflection 

Size, 

Thick- 

Span 

860 X Deflection 

luebca 

ness, 

Inches 

Safe 

Safe 

Length, 

Inches 

Inches 

Safe 

Safe 

Length, 



J.oad 

Load 

Feet 



liOad 

Load 

Feet 



18.21 

2.15 

8.5 

3 X2J.4 

» 

8.75 

1.25 

7.0 ; 

434 X a 

17.07 

1 .99 

S.O 

3 x2>2 


7.89 

1.12 

7.0 ! 

43 4 X :i 

iA 

15.80 

1.83 

8.7 

3 x2i2 

.10 

7.04 

0.09 

7.1 : 

4>tj X a 

54 

14.61 

1.67 

H.8 

3 x2i -2 

0.19 

0.S5 

7.2 

4)4 X 3 


13.33 

1.51 

8.8 

3 x2'2 


5.23 

0.72 

7.3 

43^^ X 3 

ii 

12.05 

1.35 

8.9 

3 x2‘2 


4.27 

0.58 

7.4 

434 X 3 

u 

10.77 

1.19 

9.0 






434 X .3 

0.30 

1.03 

9.1 

3 X 2 

i ^ 

5.01 

o.ss 

5.7 

4)4 X 3 


8.00 

0.87 

9.2 

3 X 2 


4.48 

0.77 

5.8 






3x2 


3.95 

0.07 

5.9 ; 

4 xliH 

n 

24.53 

2..56 

. 9.6 

3x2 

!i 

3.41 

0.57 

0.0 ; 

4 x3y2 

54 

22.93 

2.37 

9.7 

3 X 2 

2.77 

O.IO 

0.1 ; 

4 x3>'a 

21.33 

2.18 

9.8 





; 

4 x334 

k 

19.03 

1.98 

9.9 

2^4x 2 

% 

4.91 

0.89 

5.5 

4 x3K 

A 

17.92 

1.79 

10.0 

2i^x 2 

k 

4.37 

0.78 

5.6 ' 

4 x33^'2 


16.21 

1.60 

10. 1 

2I2X 2 

3.84 

0.07 

5.7 

4 x33 2 


14.40 

1.41 

10.2 

2‘2X 2 


3.31 

0.57 

5.8 

4 x3 32 

k 

12.69 

1.22 

10.3 

2i4x 2 

11 

2.07 

0.46 

5.9 

4 x3>i 

i« 

10.67 

1.03 

10.4 

2>2X 2 


2.13 

0.35 

0.0 

4x3 

u 

17.92 

2.15 

8.3 

2»2X 2 

li 

1.49 

0.23 

O.l j 

4x3 

4x3 

4x3 

1 

10.7.5 

15..57 

14.40 

1.99 

1.83 

1.67 

8.4 

8.5 

8.6 

2I^xlj4 
2ii.xl '.2 

l"o 

H 

1.81 

1.49 

0.41 

0.33 

4.4 

4.5 

4x3 


13.12 

1.51 

8.7 

2).ixlh 

10 


0.25 

4.6 i 

4x3 

k 

11.84 

1.35 

8.8 





; 

! 4x3 


10.. 50 

1.19 

8.9 

2HxlH 

i4 

' 2.77 

0.67 

4.1 1 

: 4x3 

U 

9.28 

1.03 

8.9 

2'4x1‘J 

k 

2.45 

0.58 

4.2 ; 

j 4x3 

A 

7.89 

0.87 

9.0 

2'4x1'2 

2.13 

0.50 

4.3 ! 

1 4x3 

k 

0.40 

0.70 

9.1 

2.'4XI'2 

!l 

1.81 

0.41 

4.4 ;■ 






2.'4x]?2 

1.49 

0.33 

4.6 

1 334x 3 


17.60 

2.17 

8.1 

■ik'xlk* 

lil 

1.17 

0.25 

4.0 

! 3k X 3 

k 

16.43 

2.01 

8.2 





1 

! 3kx 3 


1.5.30 

1.85 

8.3 

2 Xl}4 


2.13 

0.51 

4.2 

r 334 X 3 

H 

14.19 

1.09 

8.4 

2 Xl.‘2 

A 

1.81 

0.42 

4.3 : 

: 334 X 3 

H 

1 12.91 

1.52 

8.5 

2 X 1 '2 

k 

1.49 

0.34 

4.4 ' 

i 3Va X 3 

1 11.73 

1.30 

8.6 

2 Xi>2 


1.17 

0.26 

4.6 i 

i 334 x 3 

\a 

1 10.45 

1.20 

8.7 

2 xUi 

1 ^ 

0.80 

0.17 

4.6 ! 

1 334 X 3 

H 

9.07 

1.04 

8.7 




i 

i 334 X 3 
i 334x 3 

A 

H 

7.08 

0.19 

0.87 

0.70 

8.8 

8.9 

2 xlj^ 
2 Xl>4 

¥ 

1.04 

0.80 

0.28 

0.21 

3.7 ! 

3.8 

1 334x5^34 
334 x 234 
334x234 


10.56 

9.81 

8.96 

1.51 

1.39 

1.20 

7.0 

7.1 
7.1 

iHxlH 

l%xlH 

H 

1.01 

0.80 

0.28 

0.22 

3.6 

3.7 

334x234 


8.11 

1.13 

7.2 


k 

0.50 

0.15 

3.8 1 

334 x 234 


7.25 

0.99 

7.3 





i 

334x234 

a 

6.29 

0.85 

7.4 

VAxVA 


1.17 

0.34 

3.4 ! 

334x234 

& 

6.33 

0.71 

7.5 

IHxlH 

k 

0.99 

0.28 

3.5 1 

334x234 

4.37 

0.58 

7.6 

IHxVA 

A 

0.78 

0.22 

3.6 
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BEAM SAFE LOADS 


TEES 

Allowable Uniform Load in Thousands of Pounds 


Neutral Axis Parallel to Flange 
Maximum HondiriK Stress, lO.OOO Pounds jxt Square Inch 
KQUAI. TKKS 


Size 


, I loot 

Maximum Spani! 


1 J'’oot 

Maximum Span 

Flange, 

Stetii, 

Weight 

per 

I'uot, 

Span 

360 X De.flpctiou 

Flange, 

Stem, 

Weiglit 

per 

Foot, 

Span 

-- 

300 X Deflection 

1 ’ 

I nehcH 

Tiuthes 

I'oiimls 

Safe 

JjOlwi 

Safe Ijcngth, 
L(iad I Feet 

Inehes 

Inehca 

Poiinda 

Safe 

Loud 

Safe 

lioud 

TiCngth, 

I’ect 


or; 

10.8 

52.80 

2.77 i 

19.1 

2 

24 " 

4.9 

4.37 

0.09 

6.3 

4 

4 

13.5 

21.55 

1.89 1 

11.4 

2.4 

24 

4.1 

3.4 1 

0.53 

6.4 

4 

4 

10.5 

10.85 

1.45 j 

1 1 .0 

2 

2 

4.3 

3.31 

0.59 

5.6 

3>5J 

3}'i 

11.7 

10.32 

1.05 

9.9 

2 

2 

1 3.50 

2.77 

0.49 

6.7 

3^2 

3.4 

9.2 

12.09 

1.27 1 

10.0 

m 

14 

i 3.09 

2.03 

0.41 

4.9 

3 

3 

9.9 

1 1 .73 

1.41 ! 

8.3 

U'i 

14 

: 2.47 

1.19 

0.36 

4.1 

3 

3 

8.9 

10.45 

1.24 1 

8.4 

1)^! 

1 .4 

i 1.94 

1.17 

0.27 

4.3 

3 

3 

7.8 

9.17 

1.08 1 

8.5 

14 

14 

j 2.02 

l.Ol 

0.30 

3.4 


3 

0.7 

7.89 

0.92 1 

8.0 

14 

14 

j 1.59 

0.78 1 

0.22 

3.5 

21^2 

1 

0.4 

0.29 

0.90 i 

7.0 : 

1 

1 

; 1.25 

0.49 

0.18 

2.7 

21 ^ 

i 24 

5 5 

5.33 

0.75 ; 

7.1 : 

1 1 

1 

‘ 0.89 

0.35 

0.12 

2,9 


unkquat. tees 


Size 


1 Foot iMaxiimuii Span; 

Size 


1 Foot Maximum Span 



Weight 

Spun 

300 X Deflection i 



Weight 

Span 

!160x Deflection 



per 






per 






Flange, 

Stem, 

Foot, 




Flange, 

Stem, 

Foot, 




Inches 

Inches 

l’ouud.s 

Safe 

Safe 

Length,: 

lnch<^ 

Inches 

[’ounds 

Safe 

Safe 

Length, 



• 

Load 

Load 

Feet 




Load 

Load 

Feet 

5 

3 

1 3.1 

U.41 

1.25 

9.1 

34" 

3 

10.8 

12.05 

1.42 

8.5 

5 

24 

10.9 

8.90 

1.20 

7.5 

34 

3 

8.5 

9.49 

1.09 

8.7 

44 

34 

15.7 

22.72 

2.37 

9.6 

34 

3 

7.5 

9.07 

1.04 

8.7 

44 

3 

9.8 

9.71 

1.07 

9.1 

3 

4 

11.7 

20.69 

1.92 

10.8 

44 

3 

8.4 

8.32 

0.90 

9.2 

3 

4 

10.5 

18.35 

1.68 

10.9 

44 

24 

9.2 

6.72 

0.87 

7.7 

3 

4 

9.2 

16.11 

1.47 

11.0 

44 

24 

7.8 

5.76 

0.74 

7.8 

3 

34 

10.8 

15.89 

1.66 

9.6 

4 

5 

15.3 

33.39 

2.40 

13.9 

3 

34 

9.7 

14.19 

1.46 

9.7 

4 

5 

11.9 

25.92 

1.84 

14.1 

3 

34 

8.5 

12.37 

1.26 

Q.8 

4 

44 

14.4 

27.09 

2.15 

12.6 

3 

24 

7.1 

0.40 

0.89 

7.2 i 

4 

44 

11.2 

21.12 

1.65 

12.8 

3 

24 

6.1 

5.55 

0.76 

7.3 1 

4 

3 

9.2 

9.00 

1.08 

8.9 

24 

3 

7.1 

8.96 

1.08 

8.3 1 

4 

3 

7.8 

8.21 

0.90 

9.1 

24 

3 

6.1 

7.68 

0.91 

8.4 i 

4 

24 

8.5 

0.01 

0.87 

7.6 

24 

14 I 

2.87 

0.93 

0.25 

3.7 1 

4 

24 

7.2 

5.65 

0.73 

7.7 

2 

14 

3.09 

1.60 

0.36 

4.4 i 

4 

2 

7.8 

4.27 

0.70 

6.1 

14 

2 

2.45 

2.03 

0.37 

5.6 1 

4 

2 

6.7 

3.63 

0.59 

6.2 

14 

14 

1.25 

0.57 

0.15 

3.7 ! 

34 

4 

12.6 

21.12 

1.90 

11.1 

14 

H 

0.88 

0.14 

0.07 

1.9 1 

34 

4 

0.8 

16.53 

1.46 

11.3 
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CARNEQie STEEL COMPANY 

ZEES 

Allowable Uniform I^oad in Thousands op Pounds 

Neutral Axis Parallel to Flanges 


Maximum HoikUhk Stmss, 10.000 Pounds per Square Inch 


' ' 

Siae 



1 

1 Foot j 

Maximum Spaa 




WeiRht 
jHir Foot, 
rounds 

Span : 

„ 300 X Deflection 

Depth , 
Inches 

riutiKeS, 

Inches 

Thickness. 

Inches 

Safe j 

Safe j 

Length, 



Load 1 

Load 

Feet 

G}^ 

m 

. '■» 

34.0 

174.93 

14.18 

12.3 

O.’a 


i 1'' 

32.0 

102.3.'') 

13.30 

12.2 

G 

3.4 

' 5.1 

20.4 

149.70 

12.40 

12.1 

CH 

35-5 

\h 

2S.1 

IfiO.lO 

12.19 

12.3 


3A 

H 

25.4 

130.75 

11.20 

12.2 

i G 

3 4 


22..S 

123.20 

10.20 

12.1 

GH 

355 

i H 

21.1 

1 19.08 

9.70 

12.3 

«l'., 

3i';, 

irt 

1S.4 

104.85 

8.59 

12.2 

G 

3.4 

55 

10.7 

90.03 

7.45 

12.1 

GH 

3?5 

3,'i, 


28.4 

119.47 

11. .58 

10.3 


54 

20.0 

1 10.29 

10.82 

10.2 

5 

34 

U 

23.7 

101.01 

10.03 

10.1 

: GH 

355 

55 

22.0 

102.08 

0.89 

10.3 

Si'rt 

3/;, 

"e 

20.2 

91.95 

9.02 

10.2 

5 

34 

H 

17.9 

81.92 

8.14 

10.1 

! GM 

355 

I'rt 

1 10.4 

79.30 i 

7.09 

10.3 

5f‘(i 

3|rt 

4 

! 14.0 

08.10 

0.09 

10.2 

: 5 

3.4 

A 

11.0 

.50.90 i 

5.00 

10.1 


3 i'll 

H 

23.0 

77.44 

9.32 

8.3 

, 4iV, 

3.4 

n 

20.9 

70.93 

8.07 ! 

8.2 

; 4 

3i'* 

4 

' 18.9 

04.53 

8.01 

8.1 

^H 


x"fl 

; IS.O 

05.92 

7.93 

8.3 

4|'fl 

355 

4 

1 ir>.9 

.58.07 

7.17 

8.2 

4 

3x', 

1 

13.8 

51.52 

0.40 

8.1 

i ^H 

! 3A 

4 

1 12.5 

49.81 

0.00 

8.3 

4,»o 

; 34 

i A 

1 10.3 

41.71 

5. 10 

8.2 

4 

3,'fl 

4 

1 8.2 

33.49 

4.10 

8.1 

Si'll 

i 2H 

P 

16 

14.3 

36.59 

5.93 

6.2 

! 3 

2|i 

i 4 

12.6 

32.64 

5.40 

6.1 

^ 3* 

2M 

A 

11.5 

31.79 

5.16 

6.2 

i 3 

2ii 

4 

9.8 

27.41 

4.54 

6.1 


255 

i A 

8.5 

25.39 

4.12 

6.2 

i 

2a 

1 4 

6.7 

20.48 

3.30 

Al 
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STRUCTURAL DETAILS 

STANDARD GAGES AND DIMENSIONS FOR BEAMS 



Nominal cliracnsions arc: — flange width and “o” in eighths, web thickness 
in sixt eenths. (]iagos for connect ion angles are determined l)y web thickness. 
Standard gugtJfe may bo varied if conditions require. 


Depth 

Weight 

per 

IHatigo 

Width 

Web 

Thick- 

Tii Web 
Thick- 

Gage 

Grip 


Distance 


Max. 
Rivet in 

Beam 

fout 

nesa 

ness 


*■ 

f 

0 

h 

Flange 

hi. 

Lbs. 

In. 

In. 

In. 

In. 

In. 

in. 

In. 

In. 

In. 

27 

90.0 

t) 

34 

34 

4 


22 3k 

234 

5,« 

3k 


iirj.o 

8 

?4 

24 

4 

13 k 

20 3i 

17k 

He 


24 

110.0 

8 



4 

1 3 k 

2034 

178 

Vio 

7k 


105.0 

7H 


yio 


13 s 

2034 

l?s 

>•. 


100.0 

7U 


24 

4 

J-k 

20«..i 

nk 




9.5.0 

Tl'-i 

''/i« 


4 

% 

2024 

1 



24 

90.0 

7\h 



4 

% 

2024 

12h 


7k 


85.0 

7H 



4 

h 

202, 

158 



80.0 

7 

3ii 

U 

4 

7s 

20 U 

12s 

‘jlfl 


24 

74 0 

0 


.3 4 

4 

5s 

20 

2 

•Kio 

7k 

21 

00.5 

8 34 

"id 

Hill 

4 


173a 

124 

34 

7k 


100.0 

7 34 


Tin 

4 

1 

16 32 

1 2., 

}i 



95.0 

7H 


Vlo 

4 

1 

1632 

124 



20 

90.0 

7 3'^ 

■'* j 


4 

1 

103.. 

1 24 

7i« 

7k 


85.0 

7 3^8 

'‘/lo 


4 

1 

16 j 4 

154 



80.0 

7 


'ji.i 

4 

1 

1632 

124 

2k 



75.0 


'■ ‘ViH 

1 »31o 

4 

' ?4 

' 17 

134 

2k 


20 

70.0 

i'yH 


: «)i« 

4 

: ?4 

17 

134 

2s 

7k 


05.0 

OM 

i 3 a 

34 

: 4 

; H 

17 

li2 

%o 


90.0 

7U 

‘•'li.i 

Vnt 

' 4 

i 1 

14' 2 

124 

34 


18 

85.0 

80.0 

7'k 

7Vi» 

, 54 

It, 

! 4 

1 4 

1 1 

14 !a 
14 '2 

1 24 

124 

’/le 

*s 

% 


75.0 

7 


5io 

' 4 

i i 

143.2 

124 




70.0 

634 


H 

1 3 24 

i H 

15 3i 

12k 

Tie 


18 

05.0 

634 

54 

»/ie 

' 3?4 


1534 

12k 

2k 

_ 


00.0 

634 

»/l6 


3*4 

! 3.^ 

I63i 

l*k 

12k 

H 

Tk 


55.0 

6 

h 

34 

: 3»4 : 

: M 

1534 

2ia 


18 

48.0 

734 

H 

5ie 

j 3^ 

1 

14 24 

12k 

34 

7k 


75.0 

OH 

% 

lie 

! 33ij 

74 

1124 

12k 

12k 

34 


15 

70.0 

6 34 

ma 

H 

1 3 Vi 

74 

1154 

’/ie 



05.0 

034 


?4 

\ 3 3^1 

74 

11 24 

12 k 

12k 


% 


00.0 

6 

H 

5i6 

1 35^ 

74 

1154 

2k 



55.0 

5*4 

Hie 


334 

H 

1234 

134 

H 

H 


15 

50.0 

5^ 


5ie 

334 

H 

H 

1234 

1 34 


45.0 

5H 

34 

34 

334 

12 ^ 

1 34 

%e 



42.0 

634 

%a 

5ie 

334 

H 

1234 

134 

34 


15 

37.6 

QH 


%e 

334 

^6 

1234 

12k 

34 

24 
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CARNEGIE STEEL COMPANY 


STANDARD GAGES AND DIMENSIONS FOR BEAMS 



Nominal dimensions aro: — flango width and “o” In eighths, wob thickness ; 
In sixteenths. Gages for connection angles are determined by j 2 web thickness. ; 
Standard gages may bo varied If conditions rotiuire. • 


Depth 

, t 

WoiKiit 

FlariKO 

Web 

3 a Web 

Thick- 

flagc 

Grip 


Distance 

~~ 

' 

Max. ; 
^ivet in 

01 ! 

Beam 

Foot 

Width 

ncfB ; 

aeas 

g 

P 

f 


li 

Flange j 

la. 

1,1)8. 

111. 

la. 

~Ia. 

3“ 

la. 

ia7~; 

’"ia. 1 

"ia. 

“liT ” ' 


55.0 

5 5 


Vie 

33 i 

■34 

934 

i:‘8 ! 

y i 



50.0 

5^' a 

Hia 

:*8 

3 3 a 

?4 

9 3.i : 

1 h 

Ho 


12 

45.0 

5;i8 

%« 

^10 

3 

'34 

934 i 

1 38 

S 1 



40.0 

5>i 

3 a 

34 

3 

U 

934 

1^8 

'Ho 


1 0 

35.0 

5>i 


34 

3 

‘Ho 

934 

1 38 

''Ho 

3 < 


31.5 

5 

i^'8 


3 

‘Ho 

9 3i 

i 38 

3i 


12 

28.0 

0 



3 

“vio 

93d! 

134 

3io 

34 ; 


40.0 

538 

U 

?-'s 

234 

3-2 

s 

1 

Ho 


10 

35.0 


:’8 

'>ifl 

234 

3a 

8 

1 

’.'■8 

'■Ho 

i/. 

30.0 

'h's 

‘a 

3'4 

2?i 

3 a 

8 

1 



25.0 

4h 



2?4 

3a 

8 

1 

3 4 


10 

22.25 

53d! ' 

k' 

38 

2?4 

• 38 

7 34 

135 

'Ho 

34 : 


35.0 

4 3.t 


Vh 

232 

31; 

7 

1 

,Ho 

j 


30.0 

4H 

»/io 

%0 

2 32 

3'2 


1 

Y'i 

34 ' 

9 

25.0 

4 3i! 

Virt 

%0 

23 a 

3l! 

7 

1 

H 



21.0 

4H 

%. 

3/8 

2 3-2 

‘■a 

7 

1 

•Ho 

i 


25.5 

4*4 

! ?l.i 

i 'He 

i 2 34 

y. 

634 ! 

li ‘ 

■■Ho ; 

i 

8 

23.0 

4 34 

! 

i .*4 

, i 

'vifl 

6 34 I 

hi 

•■Ho 

34 i 

20.5 

43^ 

i '}>i 

%» 

2 34 

VlO 

i 634 ! 

7 ^ 

34 



18.0 

4 

1 34 


‘ 234 

1 

VlO 

634 i 

H 

34o 

; 

i 8 

17.5 

’ 5 

■ ^ 

3« 

1 

1 2 3.4 

I » 

« : 

1 

•Ho 

34 1 


20.0 

3T8 

3d^ 

34 

^ 234 


! 5 >4 i 

li 

'Ho 

% I 

j 7 

17.5 

: -ih 

; H 

%o 

1 2 34 

; 34 

; 53.i I 


' \ 

Ho 


15.0 

1 3i>8 


3'« 

1 234 

I 

i 534 I 

I j 

1 

i 


17.25 

3!j 

i 3^ 

'i 

1 2 

i H 

I 4H 

34 

'^4e 


1 6 

14.75 

' H 


2 

H 

, 4]i 

34 

34 

% 1 


12.25 


1 ^ 

34 

; 2 

! Vh 

j 433i 

34 

'Ho 



14.75 


H 

34 

1 i?4 

H 

i 

*5 

■Ho 

34 1 

; 5 

12.25 

: 33^ 

.3 

1 H 

'He 

; 134 

% 

.1 32 

H 

\i 

i 

9.75 

}-i 

i y 

, 1?4 


; 234 

•340 



10.5 

i 

i 2J» 

: 

' H 

; 13^ 

'‘Ho 

234 


1 


i A 

9.5 


H 

i %« 

i 13'2 

“Ho 

2»4 

y* 

34 

Ho 

34 


8.5 

i 2?4 

H 

34 

j 1 3^ 

>340 

234 

y 

I 

7.5 

2N 

1 

: 34 

! 134 

: 'He 

234 

y% 

Ho 



7.5 

! 23^ 

1 % 

1 9^6 

■ 134 

'He 

; 134 

H 

'4 

34 

1 ^ 

6.5 

■ 2U 

: H 

34 

; iH 

'He 

j 134 


He 

i 

5.5 

1 2H 

' %6 

' 34 

1 134 

%e 

1 134 

H 

H 
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STRUCTURAL DETAILS 

STANDARD GAGES AND DIMENSIONS FOR CHANNELS 



Nominal dimensions are: — fiango width and “o” in ciglitljs, wob thirkness j 
In sixteenths. CJages for connection angles arc determined by }/2 >v(;b tliickncss. 
Standard gages may ixi varied if conditions require. 

Gages for ciiannels in riveteil channel columns are given on pages 291 to 301. ; 


DepUi 

Weight 

I<3antie 

Tr^i" 

laWeh 

tiagft 

Grip 


Distance 


Max. 

ClianiH*! 

Foot 

Widtii 

nesa 

nfiHS 


P 

f 

0 

h 

Flange 

In. 

Lbs: 

In. 

III. 

In. 

In: 

In. 

In. 

In. 

III. 

In. 


5.5.0 

3J« 


Via 

2 1 .» 

J^'/ia 

1234 

1 A 




.50.0 

3 

;*4 


232 

^‘/la 

1234 

1 'J-s 

‘Via 



15.0 

3S 

A 

•310 

2 

3-8 

123 ., 

1 3h 

“/la 

7 


10.0 

3j2 

*2 

A 

2 

38 

12 3.4 

138 

'/la 

/ a 


.35.0 

3j-. 

Vn. 

A • 

2 

38 

1214 

IAh 

A 



33.0 

3!i's 

Vn. 

‘iia 

2 

r. 

1234 

lA 

3 '2 



50.0 

4'«s 

I’Kin 

“s 

3 

Via 

10 34 

1 A 

%d 



4,5.0 

4':, 

ii/ni 

Vid 

2*4 

Via 

10*4 


3'8 



40.0 

■Ci 

rni 

Via 

2»4 

Vid 

10 3, 

13s 

3« 

~ H 


37.0 

4 3 s 

.‘2 


2 3'i 

»ia 

10 .* 4 


Vie 



35.0 

4 is 

Vni 

' 1 

2 ' •» 

"'ia 

10', 

1 A 

%e 



32.0 

4 


Via 

2*2 

Via 

10 >, 

138 

‘i 



40.0 

3 H 


A 

2 

A 

10 

] 

“'id 



35.0 

'irn 


Via 

2 

A 

10 

1 

“ ia 


12 

30.0 

334 

•i 

.'..i 

1‘’4' 

3 2 

10 

1 

Vnt 



2.5.0 

3 H 


'I'la 

134 

■2 

10 

1 

Via 



20.5 

3 

'fid 

3 s 

134 

32 

10 

1 

38 



35.0 

3 }4 


Va 

l:‘.i 

•2 


A 

A 



30.0 

3.'.^ 

iMd 

•! s 

1 3.1 

A 

8', 

yii 

A 


10 

25.0 

2 's 


Li 

1 A 

3-2 

.S '.4 

A 

‘/la 

3'4 


20.0 



‘3ia 

I *2 

Via 

8 34 

A 

via 



15.0 

2^8 

.A 

3« 

13-2 

Via 

834 

A 

Via 



25.0 

2t^ 

f-a 

Via 


Az 

734 


Wu\ 



20.0 ! 

2 5j« 


34 

1 3 2 

! - 

734 

A 

A 

J’ i 


15.0 1 

•21.2 

‘'/id 

Via 

13 s 

1 Via 

; 73.i 

7 ^ 




13.25 

■2 1 a 

34 

A 

138 

Via 

; 734 

7 ^ 

, Via 



21.25 

2H 

% 

'3ia 

I3ii 

3'ia 

; 034 

.'-b 

! ‘-‘A a 



1.S.75 i 

2 'A 

Az 

*4 

13^ 

%a 

: 0 34 

“s 

“Aa 


S 

1G.25 i 

2'ii 

lia 

Via 

lA 

Via 

034 

A 

32 

3‘.i 


13.75 i 

2-^h 


Via 

IH 

38 

! d>4 

7 .^ 

A 



11.25 

2U 

A 

3« 

lA 

38 

; 034 

A 




10,75 

2Lj 

A 

Via 

lA 

Via 

i 53-2 

3.1 

“Aa 



17.2.5 

2 }. ■> 


A 

lA 

Via 

53ii 

i h 

Via 

^8 

7 

14.75 

i aij 

'3'id 

A 

lA 

Via 

; 5‘.i 

1 34 

A 


12.25 

! 2A 


»Ao 

1 34 

3n 

; 5 ‘ -j 


A 



9.7.5 

2}i 

A 

A 

13-4 

38 

1 532 

1 

! 

Vie 



15.5 

2 A 

®/ld 

Via 

13^ 

38 

1 4 A 

1 ^ 

A 


0 

13.0 

2 A 

■^/lO 

3-4 

13'« 

H 

■ 4 32 

3'» 

A 

A 


10.5 

2H 

^10 

Via 

lA 

H 

, 4 32 

34 

1 A 


8.0 

2 

yio 

A 

iA 

*'A« 

43i 

34 

H 



11.5 

2H 


A 

lA 

Via 

334 ' 

A 

1 %a 

Vz 

6 

9.0 

lA 


%0 

lA 

Vie 

334 

H 

! A 


0.5 

lA 


As 

1 3'8 

Vie 

•m 

A 




7.25 

lA 


Via 

1 

‘Ha 

: 2 A 

A 


A 

4 

0.25 


A 

A 

1 

Vie 

. 2U 

A 

•He 


5.25 

lA 

%« 

A 

1 

%e 

2A 

A 

34 



0.0 

lA 

A 

^a 

A 

A 

i \A 

A 

: Ve 

A 

3 

5.0 

lA 

A 

A 


A 

IH 

A 

; %6 


4.0 

lA 


1 A 

A 

A 

ih 

A 

) A 
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CARNEQiE STEEL COMPANY 


BEAM CONNECTIONS 



21S \\ 4*x Vf X 1-8 
Weight 46 lbs. 

21 " 



2Ij I'x 4"x ’/■’"x 
Weight 33 lbs. 


24" 

r5’/a" 



2L''4''x I'x v/x 1-5'// 
Weight .‘W lbs. 

2o; 18; 15" 



2U4"x4"x‘4"xO'.llVi:'' 

Weight 23 lbs. 


12 " 



2 1 "x 4"x ; io" x 0-8 Va" 

Weight 17 lbs. 



2 L" 6"x 4"x %"x 0-3" 
Weight 7 lbs. 


lo;' 9," 8" 



2l/21fr 



i 


2U6 x 4 "s X 0-5'/d 
Weight 13 lbs. 


4; 3" 




2 L"6 X 4"x %"x 0-2" 
Weight 5 lbs. 


Rivets and bolts %" diameter. 

Weights given are for ^i-inch shop rivets and angle connections; about 20 per cent should 
be ^ded fur field rivets or bolts. 
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STRUCTURAL DETAILS 

BEAM CONNECTIONS— Concluded 
Tjmiting Values of Beam Connections 
Value of i Values of Outstanding Legs of Connection Angles 


Allowablk Unit HTitEss in Pounds peu Squahe Inch 


I Beams 

Web 

Connection 

Field Rivets 


Field Bolts 

i 

1 


Weight 

Shop Rivets 
in Enclosed 

Rivets or 

Minimum 


yt" 

Minimum 


Depth, 

Inches 

Turned Bolts, 

Allowable 

t. 

Rough Bolts, 

Allowable 

t, 1 
In. i 

! 

per 

Foot 

Bear'iig, 

Pounds 

Single Shear, 
Pounds 

Span in Feet , 
Liniforinlvoad 

In. 

... 

Single Shear, 
Pounds 

SpanitiFwl, 
Uniform Load 

27 

00 

82530 

61900 

18.9 

Vh 

49500 

23.6 

! 

24 

80 

67500 

53000 

17.5 

Vh 

42400 

21.9 

H i 

74 

64260 

53(K)0 

16.4 


12400 

20.4 

I 

21 

60>^ 

4Sl.^iO 

44200 

11.2 

■'h 

35300 

17.8 

H 1 

20 

65 

45000 

35300 

17.0 

H 

28300 

22.1 


18 

nr. 

41400 

35.300 

13.3 

?« 

28.300 

16.7 

H 

•18 

34200 

35300 

12.S 


2S300 

15.4 

H 


42 

36900 

35.300 

8.9 

A 

28300 

ll.l 

H 

l.'j 


29880 

35300 

9.7 


28300 

10.2 


12 

31 

23600 

26500 

S.l 

i I'l 

21200 

0.0 

H j 

28 

19170 

26500 

9 2 

1 .V 

21200 

9.2 


10 

Ofj 

27900 

17700 

7.4 

! 

11 100 

9.2 

H i 

' 22'4 

22680 

1 7700 

6.8 

1 r.,^ 

14100 

8.6 

i i 

0 

21 

26100 

17700 

.5.7 

; H 

14100 

7.1 


8 

; 18 

24300 

17700 

4.3 


Ml 00 

5.4 

1 B,' 1 

i 17'A 

19800 

17700 

4.4 

1 

14100 

5.5 

H I 

7 

' 15 

11300 

8800 

6.2 

5>i 

7100 

7.8 

1 ! 

6 

V2H 

« 10400 

8800 

: 4.4 

: 

1 7100 

' ,5.5 

: H 

5 


9500 

j .8800 

2.9 

: ys 

1 7100 

3.6 

1 % 

4 

7}i 

8600 

1 8800 

I 2.2 

! ' " 

7100 

1 2.7 

i H 

3 


7700 

8800 

1.3 

i - 

7100 

1.4 

i '' 


iRivcts — enclosi’d Shop 30000 


S*Sear Turned Bolts... Field 1 0000, Bearing, 


Rough Bolts Field 8000 ! 


I Rivets - one aid(i Shop 24000 

Rivets and Turnetl Bolls, Field 20000 


'Rough Bolts Field 16000 


t— Web thickness, in liearing, to develop max. allowable rcactioia, when lieams frame opposite. 

Connections are figiu'ed for bearing and shear (no moment considered). 

The above values agree with tests made on beams under ordinary conditions of use. 

Where web is enclosed between connection angles (enclosed bearing), values are greater because 
of the increased efficiency due to friction and grip. 

S{)ecia] connections shall be used when any of the limiting conditions given above are exceeded— 
such as end reaction from loaded beam being greater than value of connection; shorter span with 
beam fully loaded; or a leas thickness of web when maximum allowable reactions are used. 
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CARNEQIB STEEL COMPANY 

BEAM SEPARATORS 

AMERICAN BKlOaig COMPANY STANDARD j 


Beams 


i l2i 


WeiKht 
per FiK)t, 
Pounds 


115-110-1051 

100 

05 and 90 
85 
80 

100 and 95 
90 

85 and SO 

75 

70 

65 

90 

85 and 80 
75 

70 and 65 
60 


70 and 65 
60 
55 

50 and 45 
42 
55 
50 
45 

40 and 35 
31.5 


40 
35 
30 
25 
35 
30 
25 
21 

25.5 
23 

20.5 and 18 

20 

17.6 
15 

17.25 
14.75 

12.26 


Separator 

DimeiiBiona 


7 

7 

8 
8 
8 

7 

7 

7 

7 

7 

6K|1 

61 

oj/^l 

6 

6 

6 

6 

6 


16848 20 
15ii!7Mbo 
151.4 7 ■ ■ 

1 5>4 •; 

15 


7^4 '20 
7H:20 
7>a20 
7 16 

ii'IUi 


15'4 , 

1484163.4116 
14>ij634|l6 


14 |6 ?:,!i 6 

1 3 J-2j6‘ ajlO 


1314 6 ‘ a| 
1514 7 
l<>/'8i7l4 
7>2,i4 
l3i4i6Hl4 
13)416*2114 
13 |6)ajl4 
11 
11 
11 


13.1.1 !6?.i 


12*^1 

115^1 

113-2 

IIM 

llM 

11 


lOH 

10J/2 

lOH 

10 

10 

91 ^ 

9*/2 

9 

SH 

8*4 

»H\ 

7H\ 

71 ^ 

7H 


11 

11 

11 

SH 

ah 

SH 

ah 

a% 


} raf 


31 

i^a|28 
' '28 
29 
|29 
22 
% 22 

15,^221 

, 2 T 

|^8|2I 

|!^h'21 

■h:2i 

ioi 


7>2 /-"a 
7,!4t^ 

r-jh 


4 
4 
4 
4 
4 
4 

4 

4 , 

4 0.6| 


10 ) 

10 

10 

OKI 

0>ii| 

10 

«K| 

9 

9 

8K| 

10 

10 

10 

9 

8) 

«Kl 

9 

9 

8 

8 

8 

8 

8 

8 

7Kl 

7)_ 

73-2 


' Bolts 

11^ 'if 

i-g 


0.25 

0.25 

0.25 

0.25 

0.25 


Diagrams 


0.25 
0.25 
0.25 
3.0i0.2; 
3 . 0 ; 0.251 
3.210.2.51 
3.2:0.25 


0.2.^ 
0.25 
0.25 
3.0j().25 


0.25! 

0.2J 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 


1.3 0.13 
1.3 0.13 


.3 
1.3 1 
1.3 

If 

1 . 2 | 

1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
l.ll0.13| 


0.13 

0.131] 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 




t 



r-1 


iW' 

h 


& 


"I : 


11^6 ‘ ■ ' 
K" Cored Holes 


% 1 %" 


W' Cored Hole 


^ 5", i" and S" beams, use 1" gas pipe 3'' and 2^" long respectively. 
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STRUCTURAL DETAILS 


TIE RODS AND ANCHORS 


AMXRIOAN BniDGB COMPANY STANDARD 


2V2tqiysJAl'toV/i' 


|c. to c. of 
'■ r beams. 



% INCH TIE KODS 


i 


LbNQTUS AND W^EIOHTS FOR VARIOUS DISTANCES C. TO C. OF HbAMS 


Wi^Khls Include two Nuts 


c. to 

Length 

Weight I'C. to C. 

lAjngth 

Weight; C. to C. 

Length 

Weight! C. to C. 

i! 

Weight 

Ft.-In. 

Ft.-ln. 

Pounds 

Ft.-In. 

n.-in. 

Pounds 

Ft.-In. 

Ft.-In. 

Pounds 

Ft.-In. 

Ft.-In. 

Pounds 

1-0 

1-3 

2.30 

1-3 

]-(> 

2.67 

1-6 

1-9 

3.05 

1-9 

2-0 

.3.42 

2-0 

2-3 

3.80 

2-3 

2-0 

4.17 

2-6 

2-9 

4.55 

2-9 

3-0 

4.92 

3-0 

3-3 

.5.30 

3-3 

3-G 

5.67 


3-9 

6.05 

3-9 

4-0 

6.42 

4-0 

4-3 

C.SO 

4-3 

4-6 

7.17 

4-6 

4-9 

7.55 

4-9 

5-0 

7.92 

.'j-0 

5-3 

8.30 

. 5-3 

5-6 

8.67 

5-6 

5-9 

9.05 

5-9 

6-0 

9.42 

0-0 

G-3 

9.S0 

0-3 

6-6 

10.17 

6-6 

6-9 

10,55 

6-9 

7-0 

10.92 

7-0 

7-3 

11.30 

7-3 

7-6 

11.67 

7-6 

7-9 

12.05 

7-9 

8-0 

12.42 

8-0 

8-3 

12.80 

8-3 

8-6 

13.17 

8-6 

.8-9 

13.5.5 

8-9 

9-0 

13.92 


ANCHORS 


SwEDOB Bolt 



Weight includes Nut 


Dianieter 

^ Length 

Feet - Inches 

Weight 

Inches 

Pounds 

H 

0-9 

1.3 


1-0 

2.3 

1 

1-0 

3.1 

IH 

1-3 

6.1 


Government Anchor 



Rod 1'9" long. Wt.,31b8. 


Built-In Anchor Bolts 



When center to center of anchors is less than 
width of washer, use waidier wiUi two holes. 


Anolb Anchor 
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CARNBOIB STBBL COMPANY 


BEARING PLATES 


The size and thickness of steel bearing plates depend on the end j 
1 reaction, length of bearing, and unit pressure. The following table i 
I gives sizes for beams of usual spans, the allowable safe loads in thousands j 
! of pounds and the span of beams giving equivaltmt end reactions. ! 
; Standard Bearing Plates i 


Beam 

lij 

[ Bearing Pluto | 

Lim. 

j Beam 1 

Wall Bearing, ; 
Inches 1 

1 Bearing Plate 1 

Lim. 

! Depth, 
lu. 

Wt., 

Lbs. 

per 

Ft. 

Wall Bear 
laches 

Size, 

In. 

Wt.. 

Lbe. 

1 

Max. 

Safe 

Ijoad 

1 Span 
of 

Beam, 
Ft. 1 

^Depth, 

In. 

1 Wt., 

1 Lbs. 

K 

Size, 

In. 

Wt., 

Lbs. 

Max. 

Safe 

Load 

Span 

of 

Beam, 

' Ft. 

i 27 

83 

10 

lOxlOx 1 

73 

40.2 

28.4 ! 

10 

25 

8 

12x8xM 

21 

13.1 

9.9 

1 24 

80 

10 

10x1 Ox 1 

73 

37.9 

24.5 ' 

9 

21 

8 

12x8xi^'8 

17 

8.7 

11.6 

1 21 

57.50 

10 

IGxlGxl 

73 

35.9 

17.41 

8 

18 

8 

8x8X'>-8 

12 

10.7 

4.5 

1 20 

65 

10 

10x10x1 

73 

35.0 

17.8 1 

7 

15 

8 

8x8x5'^ 

12 

15.4 

3.6 

! 18 

55 

10 

I Ox 10x1 

73 

34.1 

13.8 1 

0 

12.25 

0 

6x0x34 

5 

12.0 

3.2 

15 

00 

10 

1 Ox 10x1 

73 

.34.1 

.12.01 

5 

9.75 

6 

Cx6x>3j 

4x1x^ 

5 

10.7 

2.4 

15 

42 

12 

10x12x1 

55 

2 4.41 

12.9 

4 

7.50 

4 

2 

9.0 

1.8 

i 

31.50 

12 

12x12x3^ 

;n 

20.0 

9.3 1 

.3 

5..50 

4 

4x4x-H 

2 

7.2 

1.3 


Allowable loads given for standard beams will apply also to supplementary 
; and other beams of equal depth and end reactions. 


Plates of special sizes may be taken from lh(5 table of projection 
coefficients given below, calculated from the following formula. Let 



,, R(B— b) wABfB-b) 
i § — = g 


A =length of bearing plate, in inches. 

B —width of bearing plate, in inches, 
t —thickness of bearing plate, in Inches, 
b =flange width of beam, in Inches. 

R =H?actlon on bearing plate, in pounds, 
w =R-: AxB, allowable unit pressure on masonry. 

fAf2 dftS! 

— fS = i^; B(B— b) — or when f= 16000, 


i B (B— b) — ^ 3 ^ same as the formula for rolled steel slabs, page 259. 

! Rule : — Take from table on opposite page the proper size bearing plate 

; for the reaction and unit pressure. Multiply the width of the plate by the 
width minus the width of the beam flange and select from the table below 
the thickness corresponding to the value for the given unit pressure. 


Projection Coefficients 


Unit 

Pressure, 





Thickness of 

Bearing Plates, in 

Inches 




Lbs. per 

1 Sq.fn. 



H 

h 

% 

1 



m 

114 

m 

IH 

IH 

2 

75 

40.0 

71.1 

111.1 

160 

218 

284 

360 

444 

638 

640 

751 

871 

1000 

1138 

! 100 

30.0 

53.3 

83.3 

120 

163 

213 

270 

333 

403 

480 

603 

663 

750 

853 

i 125 

24.0 

42.7 

67.7 

96 

131 

171 

216 

267 

323 

384 

451 

523 

600 

683 

150 

20.0 

35.6 

65.6 

80 

109 

142 

180 

222 

209 

320 

376 

436 

500 

569 

176 

17.1 

30.6 

47.6 

69 

93 

122 

154 

190 

230 

274 

322 

373 

429 

488 

200 

16.0 

26.7 

41.7 

60 

82 

107 

135 

167 

202 

240 

282 

327 

375 

427 

250 

12.0 

21.3 

33.3 

48 

66 

85 

108 

133 

161 

192 

225 

261 

300 

341 

300 

10.0 

17.8 

27.8 

40 

64 

71 

90 

111 

134 

160 

188 

218 

250 

284 

! 350 

8.6 

15.2 

23.8 

34 

47 

61 

77 

95 

116 

137 

161 

187 

214 

244 

1 400 

7.5 

13.3 

20.8 

30 

41 

63 

68 

83 

101 

120 

141 

163 

18^ 

213 
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STRUCTURAL DETAILS 


BEARING PLATES 

Safe Resistances in Thousands of Pounds 


Bearing Plates 


Pressure in Pounds per Square Inch 


Bear - 

ing , 

Inches 

IjcngthJ 

luchea 

Width , 

Inches 

75 

100 

125 

150 

175 

200 

250 

300 

350 

400 

■4 

, 

4 

1.2 

1.6 

2.0 

2.4 

2.8 

3.2 

4.0 

4 .S 

5.6 

6.4 

4 

4 

6 

• 1.8 

2.4 

3.0 

3.6 

4.2 

4.8 

0.0 

7.2 

8.4 

9.6 

4 

4 

8 

2.4 

3.2 

4.0 

4.8 

5.6 

6.4 

8.0 

9.6 

11.2 

12.8 

6 

6 

6 

2.7 

3.6 

4.5 

5.4 

6.3 

7.2 

9.0 

10.8 

12.6 

14.4 

6 

0 

8 

3.6 

4.8 

6.0 

7.2 

8.4 

9.6 

12.0 

14.4 

16.8 

19.2 

6 

6 

10 

4.5 

6.0 

7.5 

9.0 

10.5 

12.0 

15.0 

18.0 

21.0 

24.0 

8 

8 

8 

4.8 

6.4 

8.0 

9.0 

11.2 

12.8 

16.0 

19.2 

22.4 

25.6 

8 

8 

10 

6.0 

8.0 

10.0 

12.0 

14.0 

10.0 

20.0 

24.0 

28.0 

32.0 

8 

8 

12 

7.2 

9.6 

12.0 

14.4 

10.8 

19.2 

24.0 

28.8 

33.6 

38.4 

10 

10 

10 

7.5 

10.0 

12.5 

15.0 

17.5 

20.0 

25.0 

30.0 

35.0 

40.0 

10 

10 

12 

9.0 

12.0 

15.0 

18.0 

21.0 

24.0 

30.0 

36.0 

42.0 

48.0 

10 

10 

14 

10.5 

14.0 

17.5 

21.0 

24.5 

28.0 

35.0 

42.0 

49.0 

56.0 

12 

12 

12 

10.8 

14,4 

IS.O 

21.6 

25.2 

28.8 

30.0 

43.2 

50.4 

57.0 

12 

12 

14 

12.6 

16.8 

21.0 

25.2 

29.4 

33.0 

42.0 

50.4 

58.8 

67.2 

12 

12 

16 

14.4 

19.2 

24.0 

28.8 

33.6 

38.4 

48.0 

57.0 

07.2 

76.8 

14 

14 

14 

14.7 

19.6 

24.5 

29.4 

34.3 

39.2 

49.0 

58.8 

08.0 

78.4 

14 

14 

16 

16.8 

22.4 

28.0 

33.0 

39.2 

44.8 

50.0 

67.2 

78.4 

89.6 

14 

14 

18 

18.9 

25.2 

31.5 

37.8 

44.1 

50.4 

63.0 

75.6 

88.2 

100.8 

14 

14 

20 

21.0 

28.0 

35.0 

42.0 

49.0 

50.0 

70.0 

84.0, 

98.0 

112.0 

16 

16 

16 

19.2 

25.6 

32.0 

38.4 

44.8 

51.2 

64.0 

76.8 

89.0 

102.4 

16 

16 


21.6 

28.8 

36.0 

43.2 

50.4 

57.6 

72.0 

86.4 

100.8 

115.2 

16 

16 

20 

24.0 

32.0 

40.0 

48.0 

60.0 

64.0 

80.0 

96.0 

112.0 

128.0 

16 

16 

22 

26.4 

35.2 

44.0 

52.8 

61.6 

70.4 

88.0 

105.6 

123.2 

140.8 

18 

18 

18 

24.3 

32.4 

40.6 

48.6 

56.7 

64.8 

81.0 

97.2 

113.4 

129.6 

18 

18 

20 

27.0 

36.0 

45.0 

64.0 

03.0 

72.0 

90.0 

108.0 

120.0 

144.0 

18 

18 

22 

29.7 

39.6 

49.5 

59.4 

69.3 

79.2 

99.0 

118.8 

138.6 

158.4 

18 

18 

24 

32,4 

43.2 

54.0 

04.8 

76.6 

86.4 

108.0 

129.6 

151.2 

172.8 

20 

20 

20 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 

100.0 

120.0 

140.0 

100.0 

20 

20 

22 

33.0 

44.0 

55.0 

06.0 

77.0 

88.0 

110.0 

132.0 

154.0 

170.0 

20 

20 

24 

36.0 

48.0 

60.0 

72.0 

84.0 

96.0 

120.0 

144.0 

168.0 

192.0 

20 ’ 

20 

26 

30.0 

52.0 

65.0 

78.0 

91.0 

104.0 

130.0 

156.0 

182.0 

208.0 

22 

22 

22 

36.3 

48.4 

60.5 

72.6 

84.7 

96.8 

121.0 

145.2 

169.4 

193.6 

22 

22 

24 

39.6 

52.8 

66.0 

79.2 

92.4 

105.0 

132.0 

158.4 

184.8 

211^ 

22 

22 

26 

42.9 

57.2 

71.5 

85.8 

100.1 

114.4 

143.0 

171.6 

200.2 

228.8 

22 

22 

28 

46.2 

61.6 

77.0 

92.4 

107.8 

123.2 

154.0 

184.8 

215.6 

246.4 

24 

24 

24 

43.2 

67.6 

72.0 

86.4 

100.8 

115.2 

144.0 

172.8 

201.6 

230.4 

24 

24 

26 

46.8 

62.4 

78.0 

93.6 

109.2 

124.8 

150.0 

187.2 

218.4 

249.6 

24 

24 

28 

50.4 

67.2 

84.0 

100.8 

117.6 

134.4 

168.0 

201.6 

235.2 

268.8 

24 

24 

80 

54.0 

72.0 

90.0 

108.0 

126.0 

il 44.0 i 180.0 

216.0 

252.0 

288.0 
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CARNEQIE STEEL COMPANY 


DETAILS FOR PUNCHING AND RIVETING 

AMERICAN BRIoaB COMPANY STANDARD 

CONVENTIONAL SIGNS FOR RIVETING 



V' V ^ 





GAGES FOR ANGLES, INCHES 




Leg 

8 

7 

0 j 5 1 4 

3.|3 

2 li\ 2 

ih 

13-2 

IH 

IH 

1 

^4 



4*2 

4 

3 ; 5 3 jaji 

2 :\H 


l 

H 

H 

H 

H 


i 

K2 

3 


23 2 

1 

1 









.3 

3 

2*4, 

! i 

1 








Max. rivet 

ih\ 

1 

h\h\K\ 

\^\u\ 

\h'M 

iy. 

\}y 


H 



I 


For column details, 0" le^ ( j 2 inch thick or less) against column shaft, g- — - 1 ?.i ", g** — 3' 

For diagonal angles, etc., gage in middle, where riveted leg equals or exceeds 3" for rivets, 

Use special gages to adapt work to multiple punch, or to secure desirable details. 


CLEARANCE FOR 
WEB RIVETING 


RIVETS IN 
CRIMPED ANGLES 


STANDARD 
RIVET DIES 


lir: 




Distance x should be 13^" plus thiokness 
of chord angles, but never less than 2". 


'■■0 




_.2'' 

For %" Rivets 

2Vi 

■■ .. 

2%' 

•• %" •• 





OLteARANCE FOR COVER PLATE RIVETING 
d (1 Dimensions In Inches 



e 


1 

IH 

2 

23^ 

3 


4 

_ 43 i 

5 

631 

6 

d 


ik 



JSK 

2^ 

3 

m 


33^ 


3 H 

f 

0 


1 


2 

234 







d 


1 ^ 


2 

JLM. 

[T 




1 
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STRUCTURAL DETAILS 


RIVET SPACING 

AMBBIOAN BKIDOB COMPANr STANDARD 

MINIMUM STAGGER FOR RIVETS 






Dia. 

of 

Rivet, 


Minimum atagger, d, inches 
c, Inches 


Inche.H 

IVs 

l=)io: iVi 


l=ls 

1,^, 

VI 

i'?l«|i?^ 

H 

ifl 

% 

13 

n 


1 rt 

0 



H 

m 

lA 

IVh 

lA 

u 

K 

M 

ifl 

Vh 

H 


1 I'o 

1% 

lx’.. 

IH 

1 to 

iJ^ 

1 

u 

1 

113 

IM 

ITA 

IH 

1 1 

Da 

1 A 

m 

1 lo 

Wh 

2 ,’j, 

2 


AUL 

m 

113 

1?4 

U.l 

V4\ 






DISTANCE CENTER TO CENTER OP STAGGERED RIVETS 
Values of X for varying values of a and b 



b. 

a, Inches 

In. 

% 

1 

VA 

V/i 

IK 

IK 

IK 

ikUk 

2 

2K 

2K 2K 

2K 

V/h 

ir« 

VA 

1 1*0 

11.V 

IK 

IK 

2 

2 In 

2,3, 

2,'‘„ 

2K 

2K 

2K 

2K 

i<i 

1 1'fl 

m 

Hi 

VH 

IK 

ns 

2A 

2K 

2h 

2K 

2A 

2,3'. 

21 i 

213 


m 

in 

i% 

IK 

ns 

2 

2K 


2, n 

2 A 

2K 

2K 

2K 

2K 

VA 

IH 

n.3 

1% 

ns 

2 

2K 

2,|-3. 

2131 

2K 

2A 

2K 

21 J 

213 

213 

IH 

m 

IK 

2 

2i'o 

2K 


2ia 

2K 

2K 

2,3, 

21i 

2K 

2K 

3 

1?4 

ns 

2 

2t‘.i 

2K 

2i3i 

2,-1. 

2K 

2t’« 

2,3, 

2K 

2K 

2K 

213 

3,'« 

m 

2i’u 

2K 

2,3.1 

2K 

2A 

2K 

2K 

2,'n 

2K 

2K 

213 

218 

3 

3K 

2 

2A 

2H 

2A 

2K 

2A 

2K 

2^ 

2K 

2K 

213 

218 

3 

3K 

3,^« 

2K 

2A 

Si*# 

2% 

2r^« 

2^ 

2K 

21i 

2K 

213 

218 

3 


3i3s 

3K 

2h 

2i\ 

2A 

2 A 

2AJ 

2% 

21i 

2K 

2K 

213 

3 

3A 

3,3. 

3K 

3K 

2H 

2A\ 


2% 

21i 

2K 

213 

2K 

213 

3 

3K 

3,3, 

3K 

3K 

^A 

2H 


2n\2% 

213 

2K 

21S 

.3 

.3A 

3K 

3i3( 

3K 

3K 

ZA 

3,3, 


Values below and to right of upper zigzag line are 
Values below and to right of lower zigzag lino are I 

MINIMUM RIVET SPACING 


' rivets 
' rivets. 


P=^ 

Dia. of Rivet, Inches 

K 

K 

K 

K 

K 

K 

1 

IK 


z. Minimum, Inches. 

1 

IK 

IK 

2 

2K 

N 

3 

3K 
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CARNBQIB STBBt COMPANY 


REDUCTION OF AREA FOR RIVET HOLES 

Area In Square Inches=Diameter of Hole by Thickness of Metal 


Thickness 
of Metal, 
Inches 




Diameter of Hole in 

inches 









”/ie 

% 


Z'h 


1 

iVio 

Hh 


.05 

.09 

.11 

.12 

.13 

.14 

.15 

.10 

.18 

,19 

.20 

.21 


.00 

.13 

.14 

.10 

.17 

.19 

.20 

.22 

.23 

.25 

.27 

.28 

la 

.08 

.10 

.18 

.20 

.21 

.23 

.25 

.27 

.29 

.31 

..33 

.35 

H 

.09 

.19 

.21 

.23 

.20 

.28 

.30 

.33 

.35 

.38 

.40 

.42 

ifl 

.11 

.22 

.25 

.27 

.30 

.33 

.30 

.38 

.41 

.44 

.40 

.49 


.i:i 

.25 

.28 

.31 

.34 

.38 

.41 

.41 

.47 

.50 

.53 

.56 

A 

,14 

.28 

.32 

..35 

.39 

.42 

.46 

.49 

.53 

.50 

.60 

.63 


.10 

.31 

.35 

.39 

.43 

.47 

.51 

.55 

.59 

,03 

.00 

.70 

n 

.17 

.34 

.39 

.43 

.47 

.52 

.50 

.00 

.04 

.09 

.73 

.77 

H 

.19 

.38 

.42 

.47 

.52 

..50 

.01 

.00 

.70 

.75 

.80 

.84 

u 

.20 

.41 

.46 

.51 

.50 

.01 

.00 

.71 

.70 

.81 

.80 

.91 

% 

.22 

.44 

.49 

.55 

.00 

.0(i 

.71 

.77 

.82 

.88 

.93 

.98 

u 

.28 

.47 

.53 

.59 

.04 

.70 

.70 

.82 

.88 

.94 

1.00 

1.05 

1 

i .25 

.50 

.50 

.03 

.09 

.75 

.81 

.88 

.94 

1.00 

1.00 

1.13 


.27 

.53 

.00 

.(iO 

.73 

.80 

.80 

.93 

1.00 

1.00 

1.13 

1.20 

m 

.28 

.50 

.63 

.70 

.77 

.84 

.91 

.98 

1.05 

1.13 

1.20 

1.27 

hi 

.30 

.59 

.07 

.74 

.82 

.89 

.90 

1.04 

1.11 

1.19 

1.20 

1.34 

IH 

.31 

.03 

,70 

.78 

.80 

.94 

1.02 

1.09 

1.17 

1.25 

1.33 

1.41 

1 1'n 

.33 

.00 

.74 

.82 

.90 

.98 

1.07 

1.15 

1.23 

1.31 

1.39 

1.48 

m 

,34 

.09 

.77 

.86 

.95 

1.03 

1.12 

. 1.20 

1.29 

1.38 

1.40 

1.55 


.36 

.72 

.81 

.90 

.99 

l.OS 

1.17 

1.20 

1.35 

1.44 

i.53 

1.02 

VA 

.38 

.75 

.84 

.94 

1.03 

1.13 

1 .22 

1.31 

1.41 

1.50 

-<■ 

1.59 

1.09 


STAGGER OF RIVETS TO MAINTAIN NET SECTION 


AMBlilCAN BKIDQK COMPANY STAND AltD 


1 Hole Out 


2 Holes Out 


Dimensions in Inches 



a— sum of gauges minus thickness of angle. 

H" rivets, can be taken at H” loss than for rivets. 
y' rivets, can be taken at *4" more than for rivets. 
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RIVETS AND PINS 


STRESSES IN RIVETS AND PINS j 

Rirets. In transmitting stresses between riveted pieces, it is j 
customary to disregard friction and to proportion rivets to the entire ; 
stress to be transmitted. They must be of sufficient size and number | 
to resist shear and to afford such bearing area as not to cause distor- ; 
tion of the metal at tlio rivet holes. In the case of beams which frame | 
opposite and of single web girders, this latter condition often necessi- I 
tates a greater thipjeness of web than required by the shearing stress(!s. i 
In a plate girder with web, rivets connecting the web with | 
the flange angles would have a bearing value at 21,000 pounds unit ; 
stress of 5,030 pounds pt^r rivet, while their value in double shear at : 
12,000 pounds unit stn'ss is 10,000 pounds per rivet; and it might be ' 
necessary to increase the web < hickness to or more in order that 
the pr<!ssure of the rivets upon the metal be not excessive. 

Pina. Pins must be calculated for shearing, bending and bearing 
stresses, but one of the latter t wo will in most cas(‘8 determine the 
size. When groups of bars are connected to the same pin, as in the ' 
lower chord of truss bridges, the size of the bars must be so chosen • 
and the bars so placed that at no point on the pin will there be any 
excessive bending stress. When the size of i>in has been determined ; 
from the bending stress, the thickness of the bars or web of the post 
should be investigated to provide sufficient b<*aring area, the bars , 
being thickened or pin plates added if necessary. 

The following is the formula for flexure applied to pins: : 
M== f V d« + 32 or — f A d -J- 8, in which M = moment of forces ; 
for any section through pin, f— fiber stress per square inch in ■ 
bending, A = the area of section, d— diameter, tt —3.14150. The i 
forces are assumed to act in a plane passing through the axis of the I 
pin. 

Kxampi.k 1. — A pin, see figure, has to carry a lojul of : 
64,000 pounds; required the size at 24,000 pounds fiber ! 
stress, assuming the distance between points of support ; 
to be 5 inches. ! 

Bending moment=04,000 X .5 4—80,000 inch pounds; | 
use a 3M incli pin; allowed moment: 80,900 inch pounds. ! 

Example 2. — Required the thickness of metal in the | 
top chord of a bridge to give sufllcient bearing area to a 3% I 
inch pin, having to transmit a stress of 121,400 pounds at j 
an allowed bearing pressure of 24,000 poimds per square j 
inch. [ 

The bearing value of a 3% inch pin for 1 Inch thickness | 
of metal is 81,000 pounds; therefore, the thickness of metal | 
requlred=121,40O-H81,0O0t=lV<i inch, or each web of the | 
chord must be H Inch thick, including pin plates. j 
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Bearing Shear Bearing Shear Bearing j Shear 


CARNBQIB STEEL COMPANY 

RIVETS 

Shearing and Bearing. Values 
V alues in Pounds, all Dimensions in Inches 


% INCH RIVETS — Area .1104 Square Inch 


Unit, Lbs. per Sq. In. 

7000 

8000 

9000 

~io6oo 

11000 

12000 

Single Shear per Rivet 

770 

880 

990 

1100 

1210 

1320 

Double Shear per Rivet 

1540 

1760 

1980 

220V 

2420 

2640 

Unit, Lbs. per Sq, In. 

14000 

16000 

18000 

20000 

22000 

24000 

3 

1 ^ 

660 

750 

840 

940 

1030 

1130 

fl lii 

980 

1130 

1270 

1410 

1550 

1690 

8 « 

1310 

1500 

1690 

1880 

2060 

2250 

1 

1640 

1880 

2110 

2340 

2580 

2810 


1910 

2250 

2530 

2810 

3090 

3380 

V 2 INCH RIVETS — Area .1963 Square Inch 

Unit, Lbs. per Sq. In. 

7000 

8000 

9000 

10000 

11000 

12000 

Single Shear per Rivet 

1370 

1570 

1770 

1960 

2160 

2360 

Double Shear per Rivet 

2750 

3140 

3530 

3930 

4320 

4710 

Unit, Lbs. per Sq. In. 

14000 

16000 

18000 

20000 

22000 

"24600 

J 

1310 

1500 

1690 

1880 

2060 

2250 


17.50 

2000 

2250 

2500 

27.50 

3000 

.S 

2190 

2500 

2810 

3130 

3440 

3750 


2630 

3000 

3380 

3750 

4130 

4500 


3060 

3500 

3940 

4380 

4810 

5250 


3500 

4000 

4500 

5000 

*‘5.500 

6000 


% INCH RIVETS Area .3068 Square Inch 


I 


Unit, Lbe. per Sq. In, 

7000 

8000 

9000 

10000 

11000 

12000^ 

Single Shear per Rivet 

21.50 

2450 

2760 

3070 

3370 

3680 

Double Shear per Rivet 

4300 

4910 

5520 

6140 

67.50 

7360 

Unit, Lbe. per Sq, In. 

14000 

16000 

18000 

20000 

22000 

24000 


1640 

1880 

2110 

2340 

2580 

2810 

1 ^ 

2190 

2500 

2810 

3130 

3440 

3760 


2730 

3130 

3520 

3910 

4300 

4690 

.a H 

3280 

3750 

4220 

4690 

5160 

5630 

8 

3830 

4380 

4920 

5470 

6020 

6560 

1 H 

4380 

5000 

5630 

6250 

6880 

7600 


4920 

5630 

6330 

7030 

7730 

8440 

H 

5470 

6250 

7040 

7810 

8590 

9380 


■Values below dotted lines are greater than double shear. 
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RIVETS AND PINS 


RIVETS 

Shearinq and Bearing Values 
V alues la Pounds, Dimensions in Inches 


% INCH RIVETS— Area .4418 Square Inch 


Unit, Lbs. per Sq. lu 

7000 

8000 

9000 

10000 

llOOO 

12000 1 

Single Shear per Rivet 

3090 

3530 

3980 

4420 

4860 

5300 

Double Shear per Rivet 

(il90 

7070 

79.50 

8840 

9720 

10600 ; 

Unit, Lbs. per Sq. In. 

14000 

16000 

18000 

20000 

22000 

24000 ; 

1 

}4. 

2630 

3000 

3380 

3750 

4130 

4500 

C.» 

A 

3280 

3750 

4220 

4690 

5160 

5630 

a 

Vs 

3940 

4500 

5060 

5630 

61 90 

6750 

i 

IS 

4690 

5250 

5910 

6560 

7220 

7880 

1 


5250 

6000 

6750 

7500 

8250 

9000 

.a 

\n 

5910 

6750 

7590 

8440 

9280 

10130 

E- 


0500 

7500 

8440 

"‘"9380" 

10310 J 

11250 1 


% INCH RIVETS— Area .0013 Square Inch 



Unit, Lbfl. perSq. In. 

7000 

8000 

9000 

10000 

11000 

12000 

S 

Single Shear per Rivet 

4210 

4810 

5410 

6010 

6610 

7220 


DoublcShear per Rivet 

8420 

9620 

10820 

12030 

1 32,30 

14430 


Unit, Lljs. perSq.In. 

14000 

KiOOO 

18000 

20000 

22000 

24000 


8 


3060 

3500 

3940 

4380 

4810 

5250 


XI 

o 


3830 

4380 

4920 

,5470 

6020 

6500 

.I* 



4590 

5^50 

.5910 

6560 

7220 

7880 

8 

.s 


5360 

6130 

6890 

7660 

8420 

9190 

rt 

S 

H 

6130 

7000 

7880 

8750 

9630 

10500 


1 


6890 

7880 

8860 

9840 

10830 

11810 



H 

7660 

87.50 

9840 

10940 

12030 

13130 





8420 

9630 

10830 

i 2 (>:i() 

1.3230 

i’4436 


1 INCH RIVETS— Area .7854 Square Inch 



Unit, Lbs. i)erSq. In. 

7000 

8000 

9000 

100(X) 

11000 

12000 

J 

Single Shear per Rivet 

5500 

6280 

7070 

7850 

8640 

9420“ 


Double Shear per Rivet 

11000 

12570 

14140 

15710 

17280 

1 88.50“ * 


Unit, Lbs. per Sq. In. 

14000 

16000 

18000 

20000 

22000 

“24000“ 




3500 

4000 

4500 

5000 

5500 

6000 


8 


4380 

5000 

5630 

6250 

6880 

7600 



% 

5250 

6000 

6750 

7.500 

8250 

9000 

1 

.a 

IB 

6130 

7000 

7880 

87.50 

9630 

10500 

1 

H 

7000 

8000 

9000 

10000 

11000 

12000 


1 


7880 

9000 

10130 

11250 

12380 

13500 


1 

H 

8750 

10000 

11250 

12500 

13750 

15000 


g 

n 

9630 

11000 

12380 

13750 

15130 

16500 



H 

10500 

12000 

13500 

15000 

16500 

18000 



IS 

11380 

13000 

14630 

162.50 

i7880 

19500 

Values above upper dotted lines are leas than i 

Bingle shear. 



Values below lower dotted lines aie greater than double shear. 





CARNEQIE STEEL COMPANY 

PINS 


Bearing Values in Pounds on Metal One Inch Thick 
Bearing Value=Diameter of Pin x Bearing Stress per Square Inch 


Pin I Bearing Btrcsaes in Pounds per Square Inch 


Diameter, 

Inches 

Area, 

In. 

12000 

15000 

20000 

22000 

24000 

1 

.785 

12000 

15000 

20000 

22000 

24000 


1.227 

1.5000 

18800 

25000 

27.5(M) 

30000 

IH 

1.767 

18(H)0 

22.500 

30000 

33000 

36000 


2.405 

21000 

26300 

3.5000 

38500 

42000 

2 

.3. 142 

24000 

.30000 

40000 

44000 

48000 

21-4 

3.976 

27000 

.33800 

4.5000 

49500 

54000 


4.909 

,30000 

37.500 

.50000 

5.5000 

60000 

2 H 

5.940 

33(K)0 

41300 

55000 

60500 

66000 

3 

7.069 

.36000 

4.5000 

60000 

66000 

72000 

3 

8.296 

39000 

48800 

65000 

71.500 

78000 

3 4 

9.621 

42000 

52500 

70000 

77000 

84000 

3 H 

11.045 

45000 

56300 

7.5000 

82500 

90000 

4 

12..'j66 

48000 

60000 

80000 

88000 

96000 

4 4 

14.186 

51000 

(i3800 

85000 

935(K) 

102000 

4 4 

15.904 

.540(M) 

67500 

90000 

99(K)0 

108000 

4 H 

17.721 

570(M) 

71300 

95000 

104500 

114000 

5 

19.635 

60000 

7.5(M)0 

100000 

110000 

120000 

5 1-4 

21.618 

63(K)0 

78800 

105000 

115500 

126000 

r > 4 

23.758 

66000 

82500 

1 10000 

121000 

132000 

54 

25.967 

69000 

86300 

J 15000 

126500 

138000 

6 

28.274 

72000 

90000 

120000 

132000 

144000 

Oi'i 1 

30.680 

7.5000 ; 

93800 

i 12.5000 

137500 

1.50000 

fiJ-i 1 

33.183 

78000 ' 

97.500 

130000 

143000 

156000 


35.785 

81 (KM) : 

101300 

135(XJ0 

118^00 

1 162000 

7 1 

38.485 

84000 

! 10.5000 

1 1400(X) 

154000 

168000 

7 

41.282 i 

! 87000 

1 108800 

1 11.5000 

159.500 

1 174000 

7 4 

44.179 1 

, 900(K) 

1 112.500 

j 1.50000 

165000 

I 180000 

74 

47.173 

i 93000 

' 116300 

; 1.55()(K) 

' 170.500 

! 186000 

8 

,50.265 

96000 i 

120000 

i 160000 

176000 

192000 

84 

53.456 

99000 

123800 

: 16.5000 

181.500 

198000 

8 J 2 

56.745 

102000 ! 

127,500 

170(K)0 

187000 

204000 

84 

60.132 

1 105000 

131300 

175000 

192500 

1 210000 

e 

63.617 

I 108000 

1.3.5000 

180000 

198000 

216000 

94 

67.201 

111000 

138800 

185000 

203500 

222000 

94 

70.882 

1 14000 

142500 

190000 

209000 

228000 

94 

74.662 

! 117000 

146300 

195000 

214500 

2.34000 

10 

78.540 

120000 

1.50(K)0 

200000 

220000 

240000 

104 

82.516 

123000 

1.53800 

205000 

225500 1 

246000 

104 

86.590 

126000 

157500 

210000 

231000 

252000 

104 

90.763 

129000 

161300 

215000 

236500 

258000 

11 

95.033 

132000 

166000 

220000 

242000 

264000 

114 

99.402 

135000 

168800 

225000 

247500 

270000 

114 

103.869 

138000 

172,500 

230000 

253000 

276000 

114 

108.434 

141000 

176300 

23.5000 

258500 

282000 

42 

113.097 

144000 

180000 

240000 

264000 

288000 
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RIVETS AND PINS 

PINS 

Bending Moments In Inch Pounds 
Bending Monient=(Dlameter of Pin)* x 0.098176 x Stress per Square Inch 


Pin 

Fiber Stress in Pounds per Square Inch 

Diameter, 

Inches 

Area, 
Sq. In. 

15000 

18000 

20000 

22000 

22500 

24000 

25000 

1 

.785 

*1500 

1800 

2000 

2200 

2200 

2400 

2500 


1.227 

29001 3500 

3800 

42(H) 

4300 

4600 

4800 


1.767 

5000 

6000 

6600 

73(H) 

7500 

8000 

8300 

IH 

2.405 

7900 

9500 

10500 

11600 

11800 

126(K) 

13200 

2 

3.142 

11800 

14100 

15700 

173(H) 

17700 

18800 

19600 

2H 

3.976 

16800 

20100 

22400 

246(H) 

25200 

26800 

28000 

2H 

4.009 

23000 

27600 

30700 

33700 

34500 

36800 

38300 

2H 

5.940 

30600 

36.800 

40800 

44900 

45900 

49000 

51000 

3 

7.069 

39800 

17700 

53000 

58300 

59000 

63600 

06300 

3M 

8.296 

50600 

00700 

67100 

74100 

758(H) 

80900 

84300 

3}4 

9.621 

63100 

75800 

84200 

92600 

94700 

101000 

105260 

3 5.i 

11.045 

77700 

9.3200 

103500 

113900 

116.500 

124300 

129400 

4 

12.566 

94200 

113100 

1257(M) 

138200 

141400 

150800 

157100 

4K 

14.186 

113000 

135700 

150700 

165800 

169600 

180900 

188400 

4ja 

15.904 

134200 

161000 

178900 

1968(H) 

201300 

214700 

223700 

4?i 

17.721 

157800 

1S9400 

2104(X) 

231500 

236700 

252500 

26.3000 

6 

19.635 

184100 

220900 

245400 

270()()() 

276100 

294500 

306800 

5H 

21.648 

213100 

255700 

281 1 (X) 

312.5(M) 

319600 

3 1()9()() 

355200 

5li 

23.758 

215000 

291000 

326700 

359300 

307.500 

392000 

408300 

5H 

25.967 

280000 

33(>000 

373300 

410600 

419900 

4479()() 

406600 

6 

28.274 

318100 

381700 

424 100 

466500 

477100 

508900 

530100 

6 k' 

30.680 

359500 

431100 

479400 

527300 

539300 

675200 

599200 

ek 

33.183 

404400 

485300 

539200 

593100 

606600 

647100 

674000 ; 

6 k 

35.7ijp 

452900 

543500 

60;i9(K) 

604300 

679400 

721600 

754800 i 

7 

38.485 

505100 

606100 

673500 

740800 

757700 

808200 

841800 ! 

7.’.i 

41.282 

561200 

673400 

748200 

823100 

841800 

897900 

935300 1 

7jii 

41.179 

621300 

745.500 

828400 

9 11 2(H) 

931900 

994000 

1035400 ; 

7 k 

47.173 

G85500 

822600 

914000 

1005400 

1028200 

1096800 

1142500 ! 

8 

50.265 

754000 

904S00 

1005300 

1 105800 

1131(H)() 

1206400 

1256600 ’ 

8 k 

53.456 

826900 

992300 

1102500 

1212800 

1240400 

1 323000 

1378200 

8,* a 

56.745 

904400 

1085300 

1 2058(M) 

1326400 

1356600 

1447000 

1507300 

8 k 

60.132 

986500 

1183900 

1315400 

1446900 

1479800 

1578500 

16^14200 

0 

1 63.617 

1073500 

1288300 

1431400 

1574500 

1010300 

1717700 

1789200 


67.201 

116.5500 

1398600 

1554000 

1709400 

1748300 

1864800 

1942500 

9 k 

! 70.882 

1262600 

15151(M) 

1683500 

18518(H) 

189.3900 

2020100 

2104.300 

9k 

74.662 

1364900 

1637900 

1819900 

20019(H) 

2047400 

218.3900 

2274900 

10 

78.540 

1472600 

1767100 

1963500 

2150800 

2208900 

2.356200 

2454400 


82.516 

1585900 

1903tM)0 

2114500 

2325000 

2378800 

2537400 

2643100 

lOk 

86.590 

1704700 

2045700 

2273000 

2.500300 

2567100 

2727600 

2841200 

10 k 

90.763 

1829400 

2195300 

2439200 

2683200 

2744100 

2927100 

3040100 

11 

95.033 

1960100 

2362100 

2613400 

2874800 

2040100 

3136100 

3266800 

Ilk 

99.402 

2006800 

2616100 

2795700 

3075200 

3145100 

3364800 

3494600 

Ilk 

103.869 

2239700 

2687600 

2986200 

3284900 

3369500 

3583500 

3732800 

Ilk 

108.434 

2388900 

2866700 

3186300 

3603800 

3683400 

3822300 

3981600 

12 

113.097 

2544700 

3053600 

3392900 

3732200 

3817000 

4071500 

4241200 
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CARNEQIB STEEL COMPANY 


ANGLES 


Allowable Tension Values in Thousands op Pounds 

Maximum Fiber Stress, 16000 Pounds per Squaxe Inch 
I j I I Net Arcaa and Stresses — Two Holes Deducted 


Size, 

Inches 

Tliick- 

ncss, 

Inches 

Weight 
per Fo<jt, 
Pounds 

Area, 
Inches 2 

% Inch llivets | 

% Inch Rivets 

% Inch Rivets 

Area, 

Inches^ 

Stress 

Area, 
Inches 2 

Stress . 

Aren, 
Inches ^ 

Stress 

1 

! 8 X 

8 

1 

51.0 

15.00 

13.00 

208.0 

13.25 

212.0 



8 X 

8 


48.1 

14.12 

12.24 

195.8 

12.48 

199.7 



8 X 

8 


45.0 

13.23 

11.48 

183.7 

11.70 

187.2 



8 X 

8 

til 

42.0 

12.34 

10.72 

171.5 

10.92 

174.7 



8 X 

8 


38.9 

11.44 

9.94 

1.59.0 

10.13 

102.1 



8 X 

8 

U 

35.8 

10.53 

9.16 

140.6 

• 9.33 

149.3 



! 8X 

8 


32.7 

9.01 

8.36 

133.8 

8.52 

136.3 

8.67 

138.7 

f 8x 

8 


29.6 

8.08 

7.55 

120.8 

7.70 

123.2 

7.84 

125.4 

; 8x 

8 

yj 

20.4 

7.75 

6.76 

108.0 

6.87 

109.9 

7.00 

112.0 

1 8x 

0 

1 

44.2 

13.00 

11.00 

176.0 

11.25 

180.0 



1 8x 

6 

ts 

41.7 

12.25 

10..37 

166.9 

10.01 

169.8 . 



i 8 X 

6 

H 

39.1 

11.48 

9.73 

165.7 

9.95 

159.2 



! 8x 

0 

U 

30.5 

10.72 

9.10 

145.6 

9.30 

148.8 



j 8 X 

0 

h 

33.8 

9.94 

8.44 

13.5.0 

8.03 

138.1 



! 8x 

0 


31.2 

9.15 

7.78 

124.5 

7.95 

127.2 



i 8x 

0 

k 

28.5 

8.30 

7.11 

113.8 

7.27 

110.3 

7.42 

118.7 

1 8x 

0 


25.7 

7.50 

0.43 

102.9 

0.58 

105.3 

6.72 

107.6 

8 X 

0 

y 

23.0 

6.75 

5.75 

92.0 

5.87 

93.9 

6.00 

96.0 

8 X 

0 

I^B 

20.2 

6.93 

5.05 

80.8 i 

5.10 

82.6 

5.27 

84.3 

6 X 

0 

Vs 

33.1 

9.73 

7.98 

127.7 

8.20 

131.2 



^x 

0 


31.0 

9.09 

7.47 

119.5 

7.07 

122.7 



6x 

6 


28.7 

8.44 

6.94 

111.0 

7.13 

114.1 



6 X 

0 


20.5 

7.78 

6.41 

102.0 

6..58 

105.3 



t 6 X 

0 

k 

24.2 

7.11 

5.86 

93.8 

0.02 

90.3 

6.17 

98.7 

lO X 

a 


21.9 

0.43 

5.30 

84.8 

5.45 

87.2, 

6.69 

89.4 

Ox 

0 

¥ 

19.0 

5.75 

4.75 

70.0 

4.87 

77.9 

6.00 

80.0 

6 X 

0 

i’b 

17.2 

5.00 

4.18 

00.9 

4.29 

68.0 

4.40 

70.4 

6 X 

0 

. H 

14.9 

4.30 

3.61 

67.8 

3.70 

59.2 

3.80 

60.8 

6x 

4 

% 

27.2 

7.98 

6.23 

99.7 

0.45 

103.2 



6x 

4 


25.4 

7.47 

6.85 

93.0 

0.05 

90.8 



Ox 

4 


23.0 

0.94 

5.44 

87.0 

5.63 

90.1 



0 X 

4 

\h 

21.8 

6.40 

5.03 

80.5 

5.20 

83.2 



Ox 

4 


20.0 

5.86 

4.01 

73.8 

4.77 

70.3 

4.92 

78.7 

6 X 

4 


18.1 

5.31 

4.18 

00.9 

4.33 

69.3 

4.47 

71.6 

Ox 

4 

H 

10.2 

4.75 

3.75 

00.0 

3.87 

61.9 

4.00 

64.0 

0 X 

4 


14.3 

4.18 

3.30 

.52.8 

3.41 

64.6 

3.52 

66.3 

Ox 

4 

H 

12.3 

3.01 

2.86 

45.8 

2.95 

47.2 

3.06 

48.8 

5x3^ 

H 

16.8 

4.92 

3.67 

68.7 

3.83 

61.3 

3.98 

63.7 

5x3}^ 


16.2 

4.47 

3.34 

63.4 

3.49 

65.8 

3.63 

58.1 

6x3H 


13.0 

4.00 

3.00 

48.0 

3.12 

49.9 

3.26 

62.0 

Bx3}4 

A 

12.0 

3.53 

2.65 

42.4 

2.76 

44.2 

2.87 

45.9 

Bx3H 

k 

10.4 

3.05 

2.30 

36.8 

2.39 

38.2 

2.49 

39.8 

6x3H 

A 

8.7 

2.66 

1.93 

30.9 

2.01 

32.2 

2.09 

33.4 

5 X 

3 


12.8 

3.75 

2.76 

44.0 

2.87 

45.9 

3.00 

48.0 

5 X 

3 

A 

11.3 

3.31 

2.43 

38.9 

2.64 

40.6 

2.65 

42.4 

5 X 

3 


0.8 

2.86 

2.11 

33.8 

2.20 

35.2 

2.30 

36.8 

5 X, 

3 

A 

8.2 

2.40 

1.77 

28.3 

1.86 

29.6 

1.93 

30.9 
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TENSION VALUES 


ANGLES 

Allowable Tension Values in Thousands of Pounds 

Maximum Fiber Stroas, 16000 Pounds per Square Inch 


Net Areas and Stresses — One Hole Deilucted 


Sbse, 

Inches 

Thick- 

ness, 

Inches 

Weight 
per Foot, 
Pounds 

• 

Area, 
Inches 3 

yi Inch Rivets 

% Inch Rivets 

% Inch Rivets 

Area, 
Inches ^ 

Stress 

Area, 
Inches ^ 

Stress 

Area, 
Inches " 

Stress 

0 X 

6 

Ji 

33.1 

9.73 

8.85 

141.6 

8.96 

143.4 


. 

6 X 

6 

a 

31.0 

9.09 

8.28 

132.5 

8.38 

134.1 



0 X 

6 


28.7 

8.44 

7.69 

123.0 

7.78 

124.5 



6 X 

6 

a 

26.5 

7.78 

7,09 

113.4 

7.18 

114.9 



6 X 

6 

H 

24.2 

7.11 

6.48 

103.7 

6..56 

105.0 

6.64 

106.2 

6 X 

6 


21.9 

6.43 

5.87 

93.9 

5.94 

95.0 

6.01 

96.2 

6x 

6 


19.6 

5.75 

5.25 

84.0 

5.31 

85.0 

5.37 

85.9 

6 X 

6 


17.2 

5.06 

4.62 

73.9 

4.68 

74.9 

4.73 

75.7 

6 X 

6 

H 

14.9 

4.36 

3.98 

63.7 

4.03 

64.5 

4.08 

65.3 

6 X 

4 

H 

27.2 

7.98 

7.10 

11.3.6 

7.21 

115.4 



6 X 

4 

a 

25.4 

7.47 

0.66 

106.6 

6.76 

108.2 



6 X 

4 

H 

23.6 

0.94 

6.19 

99.0 

6.28 

100.5 



0 X 

4 

a 

21.8 

6.40 

5.71 

91.4 

5.80 

92.8 



0 X 

4 


20.0 

5.86 

5.23 

83.7 

5.31 

85.0 

5.39 

86.2 

6 X 

4 

i“a 

18.1 

5.31 

4.75 

76.0 

4.82 

77.1 

4.89 

78.2 

6 X 

4 


16.2 

4.75 

4.25 

68.0 

4.31 

69.0 

4.37 

69.9 

0 X 

4 

I’a 

14.3 

4.18 

3.74 

.59.8 

3.80 

60.8 

3.85 

61.6 

6 X 

4 

H 

12.3 

3.61 

3.23 

51.7 

3.28 

.52.5 

3.33 

53.3 

5 X 

H 

16.8 

4.92 

4.29 

68.6 

4.37 

69.9 

4.45 

71.2 

6 x3M 

A 

15.2 

4.47 

3.91 

62.6 

3.98 

63.7 

4.05 

64.8 

5 x3M 


13.6 

4.00 

3.50 

56.0 

3.56 

57.0 

3.62 

57.9 

5 X 3 

” - 

12.0 i 

3.53 

3.09 

49.4 

3.15 

,50.4 

3.20 

51.2 

6 X 3>^ 

H • 

10.4 

3.05 

2.67 1 

42.7 

2.72 

i 43.5 

2.77 

44.3 

6 X 3>iJ 

10 

8.7 

2.56 

2.26 

36.0 

2.29 1 

1 36.6 

2.33 

37.3 ; 

6 X 

3 


15.7 

4.01 

3.98 

63.7 

4.06 i 

65.0 

4.14 

66.2 1 

5 X 

3 

l^O 

14.3 

4.18 

3.62 

57.9 

3.69 ^ 

59.0 

3.76 

60.2 ; 

5 X 

3 


12.8 

3.75 

3.25 

62.0 

3.31 1 

53.0 

3.37 

53.9 i 

5 X 

3 

I’a 

11.3 

3.31 

2.S7 

45.9 

2.93 i 

46.9 

2.98 

47.7 

5 X 

3 


9.8 

2.86 

2.48 

39.7 

2.53 

40.5 

2.58 

41.3 

5 X 

3 

i« 

8.2 

2.40 

2.09 

33.4 

2.13 

34.1 

2.17 

34.7 

4 X 

4 

H 

15,7 

4.61 

3.98 

63.7 1 

4.06 

65.0 

4.14 

66.2 

4 X 

4 

A 

14.3 

4.18 

3.62 

57.9 i 

3.69 

59.0 

3.76 

60.2 

4 X 

4 

>4 

12.8 

3.75 

3.25 

52.0 

3.31 

53.0 

3.37 

53.9 

4x 

4 


11.3 

3.31 

2.87 

45.9 

1 2.93 

46.9 

2.98 

47.7 

4 X 

4 

H 

9,8 

2.86 

2.48 

39.7 

1 2.53 

40.5 

2.58 

41.3 

4 X 

4 

A 

8.2 

2.40 

2.09 

33.4 

2.13 

34.1 

2.17 

34.7 

4 X 

4 


6.6 

1.94 

1.69 

27.0 

1.72 

27.5 

1.75 

28.0 

4 X 

3 


11.1 

3.25 

2.75 

44.0 

2.81 

45.0 

2.87 

45.9 

4 X 

3 

I's 

9.8 

2.87 

2.43 

38.9 

2.49 

30.8 

2.54 

40.6 

4 X 

3 


8.6 

2.48 

2.10 

33.6 

I 2.15 

34.4 

2.20 

35.2 

4 X 

3 


7.2 

2.09 { 

1.78 

28.5 1 

1 1.82 

29.1 

1.86 

29.8 

4 X 

3 


6.8 

1.69 

1.44 1 

23.0 1 

1 1.47 

23.5 1 

1 1.50 

24.0 
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CARNEQIB STEEL COMPANY 


ANGLES 


i I 

I Allowable Tension Values in Thousands of Pounds i 

j j 

j Maximum Fiber Stress, 16000 Pounds per Square Inch i 


Net Areas and Stresses — One Hole Deducted 


' Site, 

1 Inches 

Thick- 

ness, 

Inches 

Weight 
per Foot 
Pounds 

Area, 
Inches - 

Inch Rivets 

% Inch Rivets 

% Inch Rivets 

Area, 
Inches * 

Stress 

Area, 

Inches 

Stress 

Area, 
Inches - 

Stress 

3^Ax3}4 

54 

.:..0 

3.98 

3.35 

53.6 

3.43 

64.9 

3.51 

56.2 



12.4 

3.62 

3.06 

49.0 

3.13 

50.1 

3.20 

51.2 

3 3^2x3 H 

34 

11.1 

3.25 

2.75 

44.0 

2.81 

45.0 

2.87 

45.9 

, 3 3^x3 >2 


9.8 

2.87 

2.43 

38.9 

2.49 

39.8 

2.54 

40.6 

3 3'Six3 3 2 

34 

8.5 

2.48 

2.10 

33.6 

2.15 

34.4 

2.20 

35.2 

3 34x3 4 

l^rt 

7.2 

2.09 

1.78 

28.5 

1.82 

29. 1 

1.86 

29.8 

3 34x3 32 

3i 

5.8 

1.69 

1.41 

23.0 

1.47 

23.5 

1.50 

24.0 

3 34x 3 

34 

10.2 

3.00 

2.50 

40.0 

2.56 

41.0 

2.02 

41.9 

3 32X 3 


9.1 

2.65 

2 21 

35.4 

2.27 

3(>.3 

2.32 

37.1 

34x 3 

54 

7.9 

2.30 

1 .92 

30.7 

1.97 

31.5 

2.02 

32.3 

3 34x 3 


6.0 

1.93 

1.62 

25.9 

1.66 

26.6 

1.70 

27.2 

33^ix 3 

34 

5.4 

1..56 

1.31 

21.0 

1.34 

21.4 

1.37 

21.9 

3Hx2yj 

34 

9.4 

2.76 

2 25 

36.0 

2.31 

37.0 

2.37 

37.9 

3 34x2 34 


8.3 

2.43 

1.99 

31.8 

2.05 

32.8 

2.10 

33.6 

3 34x2,4 

H 

7.2 

2.11 

1.73 

27.7 

1.78 

28.5 

1.83 

29.3 

3 J 4x2 34 


(i.l 

1.78 

1.47 

23.5 

1.51 

24.2 

1.55 

24.8 

3 34x2 32 

li 

4.9 

1.44 

1.19 

19.0 

1.22 

19.5 

1.25 

20.0 

3x3 

34 

9.4 

2.75 

2.25 

36.0 

2.31 

37.0 

2.37 

37.9 

! 3x3 


8.3 

2.13 

1.99 

31.8 

2.05 

32.8 

2.10 

33.0 

i 3x3 

H 

7.2 

2.11 

1.73 

27.7 

1.78 

28.5 

1.83 

29.3 

3x3 

n 1 

6.1 

1 1.78 

1.47 

23.5 

1.51 

24.2 

1.55 

24.8 

; 3x3 

n 1 

4.9 

1.44 

1.19 

19.0 

1.22 

19.5 

1.25 

20.0 

: 3 x2 34 

H ! 

' 6.6 

1.92 

1.54 

24.6 

1.59 

1 25.4 

1.64 

26.2 

; 3 x2 .1 4 

>9 1 

5.6 

1 1.62 

1.31 

21.0 

1.35 

21.6 

1.39 

22.2 

j 3 X234 

3^ ! 
1 

4.5 

1.31 

1.06 

17.0 

1.09 

17.4 

1.12 

17.9 

■ 2 34x234 

1 

54 

5.9 

1.73 



1.40 

22.4 

1.45 

23.2 

j 234x2 34 

A 

5.0 

1.47 



1.20 

19.2 

1.24 

19.8 

i 234x2 3 4 

34 

4.1 

1.19 



0.97 

15.5 

1.00 

16.0 

: 234x234 

7=1, I 

3.07 

0.90 



0.74 

11.8 

0.76 

12.2 

) 234x 2 

54 

1 

6.3 

1.55 



1.22 

19.5 

1.27 

20.3 

. 2 34x 2 

A 

4.5 

1.31 



1.04 

16.6 

1.08 

17.3 

i 2 34x 2 

34 

3.62 

1.06 



0.84 

13.4 

0.87 

13.0 

1 234X 2 

! 

A 

2.75 

0.81 

1 


0.65 

10.4 

0.67 

10.7 

; 2x2 

54 

4.7 

1.36 





1.08 

17.3 

: 2x2 

A 

3.92 

1.15 

1 

1 



0.92 

14.7 

! 2x2 

H 

3.19 

0.94 





0.76 

12.0 

! 2x2 

i 

i=\i 

2.44 

0.71 

i 




0.67 

9.1 

1 2 X134 

A 

3.39 

1.00 

1 




0.77 

12.3 

2 XI 3 I 

34 

2.77 

0.81 

1 




0.62 

9.0 

2x134 

A ' 

2.12 

0.62 

I 




0.48 

7.7 



TENSION VALUES 


BARS i 

j 

Allowable Tension Values in Thousands of Pounds i 


ROUND BARS SQUARE BARS 


fl 

j “ij 

Area, 

Inches^ 

Weight 
per Foot, 
Poundu 

Unit 

Stress 

16,000 

Lbs. 

per 

Sriuarc 

Inch 

Unit 

Stress 

20,000 

U». 

per 

Square 

Inch 

Size, 

Inches 

Area, 

Inches- 

Weight 
per Foot, 
Pounds 

Unit 

Stress 

10,000 

Lbs. 

per 

Square 

Inch 

Unit 

Stress i 
20,000 ! 
Lbs. 
per 

Square i 
Inch 1 

H 

0.012 

0.042 

0.2 

0.3 

Vh 

0.016 

0.053 

0.3 

0.3 ‘ 

Id 

0.028 

0.094 

0.4 

0.6 


0.0.35 

0.119 

0.6 

0.7 : 


0.049 

0.167 

0.8 

1.0 


0.063 

0.212 

1.0 

1.3 1 


0.077 

0.261 

1.2 

1.5 


0.098 

0.333 

1.6 

2.0 : 


0.110 

0.375 

1.8 

2.2 

H 

0.141 

0.478 

2.3 

2.8 


0.1.50 

0.511 

2.4 

3.0 


0.191 

0.051 

3.1 

3.8 

14 

0.190 

0.667 

3.1 

3.9 


0.250 

0.850 

4.0 

6.0 1 

S 

0.249 

0.845 

4.0 

5.0 


0.316 

1.08 

6.1 

6.3 ; 

0.307 

1.04 

4.9 

6.1 

% 

0.391 

1.33 

6.3 

7.8 

U 

0.371 

1.20 

6.9 

7.4 

u 

0.473 

1.01 

7.0 

9.6 i 

H 

0.442 

1 .50 

7.1 

8.8 


0.663 

1.91 

9.0 

11.3 j 


0.519 

1.70 

8.3 

10.4 

n 

0.600 

2.25 

10.6 

13.2 : 

k 

0.001 

2.04 

9.6 

12.0 

Vs 

0.760 

2.00 

12.3 

15.3 : 

u 

0.690 

2.35 

11.0 

13.8 

U' 

0.879 

2.99 

14.1 

17.6 ; 

1 

0.785 

2.67 

12.6 

15.7 

1 

l.OO 

3.40 

16.0 

20.0 i 

1 

0.887 

3.01 

14.2 

17.7 


1.13 

3.84 

18.1 

22.6 ' 

0.994 

1.11 

3.38 

3.77 

15.9 

17.7 

19.9 

22.2 

IH 

lA 

1.27 

1.41 

4.30 

4.80 

20.3 

22.6 

25.3 ) 
28.2 1 

l}4, 

1.23 

4.17 

19.6 

24.5 

VA 

1.56 

5.31 

25.0 

31.3 i 

lA 

1..35 

4.00 

21.6 

27.1 

lA 

1.72 1 

6.86 

27.6 

34.5 i 

1% 

1.48 

5.05 

23.8 

29.7 


1.89 

6.43 

30.3 

37.8 

k 

1.62 

5.52 

26.0 

32.5 


2.07 1 

7.03 

33.1 

41.3 

1.77 

0.01 

28.3 

35.3 

IH 

2.25 

7.05 

30.0 

46.0 

lA 

1.92 

,6.52 

30.7 

38.4 

ll“o 

2.44 

8.30 

39.1 

48.8 


2.07 

7.05 

33.2 

41.6 

IH 

2.04 

8.98 

42.3 

62.8 

Hi 

2.24 

7.00 

35.8 

44.7 

lii 

2.85 

9.08 

45.6 

67.0 


2.41 

8.18 

38.5 

48.1 

m 

3.06 

10.41 

49.0 

61.3 

in 

2.58 

8.77 

41.3 

61.6 

112 

3.29 

11.17 

62.6 

65.7 

2.76 

9.39 

44.2 

.65.2 

IK 

3..52 

11.96 

66.3 

70.3 


2.95 

10.02 

47.2 

69.0 

IIS 

3.75 

12.76 

60.1 

76.1 

2 

3.14 

10.68 

60.3 

62.8 

2 

4.00 

13.60 

64.0 

80.0 

2A 

3.34 

11.36 

63.6 

66.8 

2,V 

4.25 

14.46 

08.1 

85.1 

2H 

3.55 

12.00 

66.7 

70.9 

2K 

4.52 

15.36 

72.3 

90.3 

'ip. 

3.76 

12.78 

60.1 

75.2 

2ie 

2K 

4.79 

10.27 

I 76.6 

95.7 

3.98 

13.52 

63.6 

79.5 

5.06 

17.22 

81.0 

101.3 

ip 

4.20 

14.28 

67.2 

84.0 

2A 

6.36 

18.19 

86.6 

107.0 

4.43 

15.07 

70.9 

88.6 

2K 

5.64 

19.18 

90.3 

112.8 

ill 

4.67 

15.86 

74.7 

93.3 


6.04 

20.20 

96.1 

118.8 

4.91 

16.69 

78.5 

08.2 

2K 

0.25 

21.25 

100.0 

126.0 

2A 

5.16 

17.63 

82.5 

103.1 

2A 

6.67 

22.33 

105.1 

131.3 

2H 

5.41 

18.40 

86.6 

108.2 

2H 

0.89 

23.43 

110.3 

137.8 

2il 

6.07 

19.29 

90.8 

113.5 


7.22 

24.66 

116.6 

144.5 

2k 

5.94 

20.20 

05.0 

118.8 

2k 

7.66 

26.71 

121.0 

151.3 

p 

6.21 

6.49 

21.12 

22.07 

00.4 

103.9 

124.3 

129.8 

ill 

7.91 

8.27 

26.90 

28.10 

126.6 

132.3 

158.2 

165.3 

6.78 

23.04 

108.4 

135.5 

2ll 

8.63 

29.34 

138.1 

172.6 


7.07 

24.03 

113.1 

141.4 

3 

9.00 

30.60 

144.0 

180.0 
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GRILLAGE FOUNDATIONS 

Grillasre Beams. In the design of foundations for columns, piers 
and walls, provision must be made for the uniform distribution of 
the load over the footing. This is best done by the use of a grillage 
of steel beams and concrete. This method of construction elimin- 
ates deep excavations and large masses of masonry and is, therefore, 
truly economical. For heavy loads on soils of small bearing 
capacity', three tiers of beams may be necessary; while for lighter 
loads or better soils two tiers, or even one, may suffice. 

The lower tier should rest upon a solid bed of concrete of sufficient | 
thickness to distribute the load to the soil. Good practice requires j 
the spaces between the beams in all the tiers to be filled with, and j 
the beams enclosed in, concrete not less than four inches thick. i 

The clear distance between the flanges of the beams in each tier | 
should not be less than 2 } 2 inches, nor more than three times the 
flange width. The first requirement is necessary to permit the 
introduction and proper tamping of the concrete, the second, to 
insure uniform distribution of the load. When separators are used 
to hold the beams in position, they should be of gas pipe, as cast iron 
separators tend to break the continuity of the concrete. Grillage 
beams should not be painted, as concrete does not adhere well to 
painted surfaces but is itself an excellent preservative of steel. 

To determine the area in square feet required for the foundation, j ■ 
divide the total load on the column, pier or wall by the allowable j 
pressure per square foot on the soil. This gives the area of the 
footing, the shape of which is determined by local conditions. On 
the assumption that the loads on the soil are uniformly distributed, 
the number, size and weight of the beams required are determined 
from the maximum bending moment, the maximum shear, or the 
maximum web resistance to buckling, as follows: — Let 

L L W^Total load on the foundation, in pounds, 

-jj— , _ , -5— L —Length of beam, in feet. 

a —Length of loaded portion, in feet, 
d ==Dopth of beam, in inches, 
t —Thickness of beam web, in inches, 
n —Number of beams in a tier, 
fb— Allowable unit web buckling resistance. 

The maximum bending moment occurs at the center of the beam 
and is equal in foot pounds to W (L-a) 8; this formula is 

identical with the formula of maximum bending moment for a 
beam of length (l^a) under a uniformly distributed load, W. 

The proper size of beam in any tier as regards flexure at a fiber 
st^ss of 16,000 pounds per square inch may be found in the beam 
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safe load table for the length corresponding to (L — a), by dividing 
the total load by the number of beams. 

Or may be found from the table of maximum bending moments, 
by dividing the total bending moment by the number of beams; 

Or from the table of properties, by dividing by the number of 
beams in the tier the total section modulus required, which 
IS equal to — 32,000 

Note, however, that the load on the beam for any span must not 
exceed tlie maximum tabular safe load for shear. 

The maximum vertical shear occurs at the edge of the column 
base or at a distance in feet of from each end of the beam and 

is eijual to — X — - — 

Web thickness, t, to resist average shear — x - x „ ^ ^iq q^) 


Or, the average vertical shear — ^ x ^ - x which must not 

exceed 10,000 pounds per square inch. 

The maximum buckling stress occurs on a length in inches of 

12 a + d/2 and is equal in total per lineal inch of web to 1 2 ^^ 12 ^ 
The required thickness of web, t, to resist buckling== 


W 

nx(l2 a + d/2;xfb. 

Or the average web resistance per square inch to buckling= 

w 

nx(i2a+ d/2)xt must not exceed the tabular values for 

the allowable buckling resistance on beam webs. 

Rolled steel Slabs. To distribute the loads from columns over 
girders, grillaige beams, etc., solid slabs of rolled steel may be 
advantageously used in the place of cast iron or riveted steel bases, 
e?tc. The size of the slab is usually fixed by the dimensions of the 
column and its thickness is determined from the maximum bending 
moment, on the assumption of uniform loading, as follows: —Let 
- W=Total load, in pounds. 

j A —Width of slab, in inches, 

^ B J3 ^Length of slab, in inches, 
j t —Thickness of slab, in inches. 

a =Outside dimension of column, in inches, 
b —Outside dimension of column, in inches. 

The maximum bending moment will 'occur at the center of the 


slab and equals, in inch pounds, — ^ or and at a 

fiber stress of 16,000 pounds per square inch, the required thickness 
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I Example: Required to design a grillage foundation for a column load of 
j 1,040,000 pounds on soil with an allowable bearing capacity of 0,000 pounds 
per square foot. Column compostnl of 1 web plate, 14" x 4 flange angles, 
6" X 4" X Yi" and 4 flange plates, 14" x outside dimensions 14" x 18". 

Required area of footing— 1,040,000 ^ 6,000=^173.33 square feet. 

Use area 12' 0" x 15' 0"=180 square foot. 

Assume 3' 0" square as the dimensions of the rolled steel slab or column 
base and allow 9" for concrete on the sides and ends of beams, then the dimen- 
sions of the steel grillage will be 10' 6" x 13' 6", concrete being assumed of 
sufficient thickness and strength to distribute to the edges. 


HI 

1 

Rolled Steel Slab 


l4" 86" 
J i 

Thickness required, t,= 


1 ! 

i 

Use 


L-18;^j 

#——*86^'——^ 




260 


ORILLAQB FOUNDATIONS 


Beams — Section Modulus Method. 

Bottom tier — L=13.5 feet; a= 3.0 feet. 

lloflulred total section moduliLs, S 2^J — 1,023.76 In.« 

* o^tUUO 

Use 13 — 15" (iO lb. beams — Total section modulus^l, 065.6 ln.» 

1,040.000 10.5 1 

Average shear-= — x x ^ ^ = 3,515 lbs. per sq. in. 

Average buckling stress-— 5^x 50 ^^0- *“■ 

Top tier — li —10.5 feet; a— 3.0 feet. 

.... 3 X 1,040,000 X 7.5 

Required total section modulus, S,— —731 .25 in.« 

Use 4 — 24" 90 lb. boam.s — Total section modulas —746.0 in.a 

1,040.000 7.5 1 

Average sliear^^^= ^ ~ 2 ~ ^ ' 4 " r24 x T sS P®** 

. , , , 1,040.000 . I 

-\verago buckling stress— 4 ^ x "6 T P^^** SQ. in. j 

Plate Girder Grillage Foundations. In those cases where columns carry I 
very heavy loads, plate girders are used for the top tier of the j 
grillage rather than beams. In the case of symmetrical foundations, I 
the method of computation is the same as has already been illus- ! 
trated in the case of b(5ams. The following example indicates the ! 
procedure in the quite frequent case of unsymmetrical loading ! 
conditions: ! 


840,000 pounds 


1,260,000 pounds 



Make up of 1 Plate Girder 
4 Flange Angles 6 x 4 x <1^ 

2 Flange Plates 14 x ^ 

1 Web Plate 36 xH 

2 Web Rcinf. Plates 5^ thick, 

each end between Flange 
Angles 

2 Web Reinf. Plates % thick, 
each end over Flange Angles 
Stiffener Angles 6 x 3 3^ x H 
Tie Angles 6 x 334 * H 



i 

i 
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Example: — Required to design a grillage foundation under an exterior or 
wall column carrying a load of 840,000 pounds, and an interior column -with 
a load of 1 , 200,000 pounds, on soil with an allowable bearing capacity of 

8,000 pounds per square foot. 

Required footing area of wall column==-5^^^— =105 square feet. 

Use area 8 ' O'" x 14' 0 "= 112 square feet. 

Required area of interior column footinR= ^ =157.5 square feet. 

Use area 12 ' 0 " x 14' 0"— 108 square foot. 

With these dimensions and areas, tlie load on the sqtlwill bo uniform at 
7,500 pounds per square foot, and the footings the same width, both of which 
are desirable from the standpoint of uniform settlement. 

Rolled Steel Slabs for Column Footings: Assume a width of 30" and a I 
length of 32", then the required thickness will bo as follows: — | 

Wall column, t, V ^ —^^1 = 4.86 in. ; use 5". i 

^ o4,lMJU X 30 

Interior column, t, = == 5-61 in- ; use 5^". j 

Plate Girders: Maximum bending moment occurs at the inner beams of 
the rcsboctivo footings, and is equal t<» the load on the column multiplied by the 
distance of its center from the center of moments. 

M max. from wall column = 840,000 x 2 ' 6"=2, 100,000 foot pounds. 

Mmax. from Interior column— 1 , 200,000 x 1 ' 8 "= 2 , 100,000 foot pounds. 

2 1 no n(K) V 12 

Required section modulus of two girder s—. /q 5 ^ ' =1,575.0 In.s 

Select from girder safe load table, page 278» two girders composed each of 
1 W'ob plate 36" x ><j", 4 angles 6 " x 4" x and 2 flange plates 14" x%"\— 
Total section modulus, S = 2 x 792.3=1,584.6 in.» 

Maximum shear occurs at the inside edge of the steel slab under the interior 
column, and is equal in total for the two girders to the load carried by the 
portion of the footing between that point and the Inside edge of the footing, 

1,260,000 x_^ =680,000 or 340,000 pounds per girder. 

At 10,000 pounds per square inch, the 36" x > 2 " plate girder web Is good for 

180,000 pounds; therefore, It Is necessary to use reinforcing web plates where 
the shear exceeds that amount. 


Beams, Lower Tier, Interior Column: 

Required total section modulus, S, = = 1,142.3 in.® 

u2,000 

Use 13—18" 55 lb. beams — Total section modulus = 1,149.2 ln.« 


Average shear = 


1,260,000 9.67 ^ 

12.5 2 




Average buckling stress = i a "x^^^.46 ' ~ 
For exterior column use 9—18" 55 lb. beams. 


Note. — In order to facilitate manufacture and shipment, it is 
desirable to use for the entire foundation as few sizes and weights 
of beams as possible, and the rolled steel slabs should be of the 
same thickness or at least of as few thicknesses as really convenient. 
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RIVETED BEAM AND PLATE GIRDERS | 

Where single rolled beams are insuflieient to carry the loads, the 
required capacity may bo secured by fabrication in various methods. 

Two beams can be used, connected togctlicr by bolts and separa- 
i tors. The total strength of these is twice that of the single beam j 
I of the same dc'pth and weight. Care should be taken, however, to j 
j see that the loads arc applied on them equally, and where it is \ 
I necessary for thej^eams t o act as a unit, the separators should be of j 
i plates and angles and not of cast iron. If the loading is not uniform j 
j on the two sections, their strength must be computed separately, 
i The use of single beam girders with plates top and bottom to 
I sustain a given load is often more economical in material than the 
I use of two beams conned, ed by boll-s and separators, 
j Box girders formed of two beams with flange plates riveted thereto 
; are often used for supporting interior w'alls in buildings. They 
I are not, however, as economical in naatcrial as single beams with 
i flange plates or plate girders. Their interior surfaces do not admit 
j of rei^ainting and they should, therefore, not be used in exposed 
j places. 

i The most economical section to sustain heavy loads is the single 
j web plate girder and it is sufficient for all ordinary purposes. When 
• not so, two single web plate girders may be used, together with tie 
plates extending clear across the angles, or box girders may be 
made of four flange angles, two web plates and top and bottom 
flange plates. In case there is unequal distribution of the load, 
the two girdj^rs or half girders must be figured as separate units. 

In the design of beam or plate girders, care must be taken to see 
that the web is of sufficient thickness to resist buckling stress and, 
therefore, attention is called to the construction specifications and 
to the remarks made on page 210 as to shearing stresses in general. 

The tables which follow give first, a selected line of riveted beam 
girders of approximately twice the carrying capacity of the single 
beams of which the sections are built; second, a selected line of 
riveted plate girders of various depths and carrying capacities such 
as are customary in building work; third, elements of riveted plate 
girders of various depths from which it is possible to select econom- 
ical sections for almost any ordinary condition of loading. In 
addition to the properties, the first two tables give the safe loads in 
thousands of pounds uniformly distributed. 

In accordance with the construction specifications, these girder 
tables are based upon the section modulus of the gross area of the 
section, with bending stress allowed at 16,000 pounds per square inch. 
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RIVETED BEAM GIRDERS 


Allowable Uniform Load in Thousands op Pounds \ 

I 

Maximum Honding Stress. 16000 Pounds per Square Inch ! 



V- 

-12" .; 


12" •; 

f- 

10" >> 

i»— 

10" -V, 

-= 









1(^ 



i 1 


1 

1 


1 

1 

1 


1 



s ■ 










a 

Span 




J 
















Q 

Feet 

I-Beam 27"xS3 llis. 

I-Beam 24' 

xSOlhs. 

i-Beam 24"x80 lbs. 

l-Bcam 20"x80 lbs 

•3 

2-Plates 

2-Plate8 12 "x34" 

2-Plato8 10"xH" 

2-Plate8 10"x3i" 

1 



Increase 


Increase 


Increase 


Increase 





in Safe 


in Safe 


in Safe 


in Safe 

* 



Loads for 


Loiids for 


Ivoads for 


Loads for 

O 


Safe 

Loads 

Vin Incli 
Increase 
in 

Safe 

liOads 

Mrt Inch 
Increase 
in 

Safe 

lioads 

Inch 

Increase 

in 

Safe 

Loads 

Via Inch 
Increase 
in 




Thickness 


Thickness 


Thickness 


Thickness 




of Flange 


of Flange 


of Flange 


of Flange 





Plates 



Plates 


Plates 


Plates 














13 

360 


17.5 

312 


14.2 

259 

11.7 

235 

9.7 

2.80 

14 

340 


10.3 

289 


13.2 

210 

10.0 

218 

9.0 

3.24 

15 

317 


15.2 

270 


12.3 

224 

10.1 

204 

8.4 

3.72 

16 

297 


14.3 

253 


11.5 

210 

9.5 

191 

7.9 

4.24 

17 

280 


13.4 

238 


10.9 

198 

9.0 

ISO 

7.4 

4.78 

18 

264 


12.7 

225 


10.3 

187 

8.4 

170 

7.0 

5.36 

19 

250 


12.0 

213 


9.7 

177 

8,0 

101 

6.0 

5.98 

20 

238 


11,4 

203 


9.2 

108 

7.0 

153 , 

6.3 

6.62 

21 

227 


10.9 

193 


8.8 

100 

7.2 

146 

6.0 

7.30 

22 

216 


10.4 

184 


8.4 

153 

6.9 

139 

5.7 

8.01 

23 

207 


9.9 

176 


8.0 

146 

0.6 

133 

5.5 

8.76 

24 

198 


9.5 

109 


7.7 

140 

6.3 

127 

5.3 

9.53 

25 

190 


9.1 

162 


7.4 

135 

6.1 

122 

5.0 

10.35 

26 

183 


8.8 

156 


7.1 

129 

5.9 

118 

4.8 

11.19 

27 

176 


8.4 

150 


Km:m 

125 

5.0 

113 

4.7 

12.07 

28 

170 


8.1 

145 


■tfiM 

120 

5.4 

109 

4.5 

12.98 

29 

164 


7.9 

140 


0.4 

116 

5.2 

105 

4.3 


30 

159 


7.6 

135 


6.2 

112 

5.1 

102 

4.2 


31 

153 


7.4 

131 



mSM\ 

4.9 

99 

4.1 

15.91 

32 

149 


7.1 

127 


5.8 

105 

4.8 

96 

3.9 

16.95 

33 

144 


0.9 

123 


5.6 

102 

4.6 

93 

3.8 

18.03 

34 

140 


6.7 

119 


5.4 

99 

4.5 

90 

3.7 

19.13 

35 

130 


0.5 

116 


5.3 

96 

4.3 

87 

3.6 

20.28 

Area 

42.41 inches^ 

41.32 inches^ 

35.82 inches'^ 

38.73 inches* 


8 i-i 

446.0 inches^ 

380.0 inches^ 

315.6 inches^ 

286.7 inches-') 


Weight 

144.2 lbs. 

per ft. 

141,2 lbs. per ft. 

122.6 lbs. per ft. 

131.0 lbs. per ft. 



Safe loads above horizontal lines exceed the web resistance and girders should be provided 
with stiffeners; for limiting conditions see explanatory notes and Construction Specifications. 
Weights given for girders do not include stiffeners, rivet heads or other details. . 
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GIRDERS 


RIVETED BEAM GIRDERS— Concluded 


Allowable Uniform Load in Tuousands of Pounds 
Maximum Bonding Stress, 10000 Pounds per Square Inch 










iN 

1 




! > 

f 

[-4 




1 

1 

1 

1 


1 

1 


1 

1 

1 




j 


Oi 

1 



55 " 



tH 


1 





j / 

J 




i4 

.4s-, 

1 










-T7-* 




i^pan 













m 

I-Beam 20" 

X 55 Ills. 

1-Bcaml8"x.55n«. 

I-Beam 15"x601b8. 

I-Beam 15" X 42 lbs. 

*3 

I'eet 

2-Pl!itr8 10' 

'xM" 

2-Platc8 

r 


2-Platea 9"%^" 

2-Platea 8"xF^" 

1 



Incrciisc 


Increase 


Increase 


Increase 

is 



in Safe 


in Safe 


in Safe 


in Safe 

8 



Loads for 


lioads for 


Loads for 


Lioads for 



Safe 

\ 

id Inch 

Safe 

Vid Inch 



id Inch 


)/io Inch 



Loads 

Increase 

Loads 

lucrcjiso 

Loads 

Increase 

Loads 

Increase 





m 



in 



in 


in 


‘ 


ThioknCss 


'I’hickiiess 


Thickness 


Thickness 




of Flange 


of Flange 


of Flange 


of Mange 




Plates 



Plates 



Plates 


Plates 


U 

270 


14.2 

218 


11.5 

189 


0.4 

137 

8.5 

1.34 

10 

251 


12.7 

190 


10.3 

170 


8.5 

123 

7.6 

1.66 

11 

228 


11.0 

178 


9.4 

155 


7.7 

112 

6.9 

2.00 

12 

200 


10.0 

164 


8.0 

142 


7.1 

102 

6.4 

2.38 

i:{ 

103 


9.8 

151 


7.9 

131 


6.5 

95 

5.9 

2.80 

14 

170 


9.1 

140 


7.4 

122 


6.1 

88 

6.5 

3.24 

15 

167 


8.5 

131 


. 0.9 

113 


5.7 

82 

5.1 

3.72 

10 

157 


8.0 

123 


0.5 

106 


6.3 

77 

4.8 

4.24 

17 

148 


7.5 

115 


6.1 

100 


6.0 

72 

4.5 

4.78 

18 

130 


7.1 

109 


6.7 

95 


4.7 

68 

4.2 

5.36 

10 

132 


6.7 

103 


r».4 

90 


4.5 

65 

4.0 

5.98 

20 

125 


6.4 

98 


6.2 

85 


4.3 

61 

3.8 

6.62 

21 

119 


6.1 

93 


4.9 

81 


4.0 

59 

3.6 

7.30 

22 

114 


6.8 

89 


4.7 

77 


3.9 

50 

3.5 

8.01 

23 

109 


6.6 

85 


4.5 

74 


3.7 

53 

3.3 

8.76 

24 

105 


5.3 

82 


4.3 

71 


3,5 

51 

3.2 

9.53 

25 

100 


6.1 

79 


4.1 

68 


3.4 

49 

3.1 

10.35 

26 

97 


4.9 

76 


4.0 

65 


3.3 

47 

2.9 

11.19 

27 

93 


4.7 

73 


3.8 

63 


3.1 

46 

2.8 

12.07 

28 

90 


4.6 

70 


3.7 

61 


3.0 

44 

2.7 

12.98 

29 

87 


4.4 

68 


3.6 

59 j 


2.9 

42 

2.6 

13.92 

30 

84 


4.2 

65 


3.4 

67 


2.8 

41 

2.5 

14.90 

Area 

31.58 inches^ 

27.18 inches^ 

28.92 inches’) 

20.48 inches'* 


8 1-1 

235.2 inches**) 

184.1 inches') 

159.5 inches') 

115.3 inches'* 


Weight 

107.5 lbs. per ft. 

93.3 lbs. per ft. 

98.3 lbs 

per ft. 

69.2 lbs. per ft. 



S^o loads above horiiontal lines exceed the web resistance and girders should be provided 
with stiffeners; for limiting conditions see explanatory notes and Construction Spwificatio^ 
Weights given for girders do not inolude stiffeners, rivet heads or other details. 


265 




CARNEQEB STEEL COMPANY 



266 



GIRDERS 


RIVETED PLATE GIRDERS— Continued 

Safe Loads in Thousands of Pounds Uniformly Distributed 
M aximum Bending Stress, IGOOO J'ounds Per Squan? Inch 



Safe loads above horizontal lines exceed the end resistance and girders should be provided 
with stiffeners; for linoititig conditions see explanatory notes and Construction SpooifioatioDS. 
Weights given for girders do not include stiffeners, rivet beads, or other details. 
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GIRDERS 


RIVETED PLATE GIRDERS 


I 

I 




To obtain a girder suitable to carry any specified 
loading, determine the maximum end reaction In pounds 
and the maximum bending moment In inch-podnds. 

Select from the table a girder having the desired 
depth, a thickness of web as tlotermined by the maximum 
end reaction and a suitable section modulus as deter- 
mined by dividing the l)onding moment by the permissible 
stress per square inch. 

. For limiting conditions see explanatory notes and 
Construction Specifications. 

Weights given <io not include siilleners, rivet heads, 
or other details. 


-o- 1 

! 


Section 

Modulus, 

Axis 1-1, 
Inches'* 

Size in Inches 

Weight per Foot, 
Pounds 

Maximum 

End 

Ueaction 

Web 

Plate 

Flange 

Angles 

Flange 

Plates 

Web rifde 
and* 
Flango 
Angles 

Flange 

Plates 

in 

Thousands 

of 

Pounds 

130.0 


4x 3 x^ 


59.5 


50.6 

168.0 


4x 3 x}4 


69.9 


50.6 

1U8.7 


5x31^xH 


79.9 


50.6 

230.1 

24 X 

r>x-A}4xH 


92.7 


50.6 

238.0 


5x.3HxH 

12 x H 

79.9 

40.8 

50.6 

372.0 


5x3HxJ4 

12 X 5^ 

79.9 

51.0 

50.6 

408.5 


r)X'S^x% 

12 x H 

92.7 

51.0 

50.6 

142.5 


4x 3 xH 


64.6 


60.8 

165.5 


rtxZ^xVi 


72.2 


60.8 

174.5 


4x 3 xH 


75.0 


60.8 

204.5 


4x 3 xys 


85.0 


60.8 

204.6 


r,x3}ixH 


85.0 


60.8 

242.0 

24 

5x3^ X 5^ 


97.8 


60.8 

270.9 


5x3>4x^ 

12 xH 

72.2 

30.6 

60.8 

306.1 


5x3^xH 

12 xH 

72.2 

40.8 

60.8 

343.6 


5x3HxH 

12 x ^ 

85.0 

40.8 

60.8 

378.5 


5x3^xH 

1 12 

85.0 

51.0 

60.8 

414.1 


5x33^x^ 

12 xH 

97.8 

51.0 

60.8 

151.5 


4x 3 x% 


61.6 


56.3 

176.8 


5x3Hx5^ 


69.2 


56.3 

180.0 


4x 3 xH 


72.0 


56.3 

201.2 


Ox 4 xj^ 


76.8 


56.3 

219.6 


5x3H^H 


82.0 


56.3 

252.0 


Ox 4 x34 


92.4 


50.3 

200.7 


5x3>4xH 


04.8 


56.3 

291.3 

26x%e 

5x3H^H 

12 xH 

69.2 

30.6 

50.3 

301.0 


6x 4 xH 


107.6 


56.3 

329.5 


5x3}4^H 

12 xH 

69.2 

40.8 

56.3 

334.8 


6x 4 x!l^ 

14 xH 

76.8 

35.7 

50.3 

370.7 


5x3^xV4 

12 xH 

82.0 

40.8 

50.3 

379.4 


6x 4 xH 

14 xH 

76.8 

47.6 

56.3 

408.6 * 


6x3Hx^ 

12 xH 

82.0 

51.0 

56.3 



CARNEQIE STEEL COMPANY 


RIVETED PLATE GIRDERS— Continued 


Section 

Size in Inches 


Weight per Foot, 
Pounds 

Maximum 

End 

Reaction 

Modulua, 










Axis 1-1 , 

Web 

Flanffo 

Flange 

Web Plate 
and 

Flange 

in 

Thousands 

of 

Founda 

Inches-i 

Plate 

Angles 

Plates 

Flange 

Angles 

Platw 

42S.4 


6x 4 x >2 

14 X A 

92.4 

*47.0 

66.3 

447.0 


5x3Mx5^ 

12 X A 

94.8 

51.0 

56.3 

472.7 

26 X ft/,0 

Ox 4 

14 X ^ 

92.4 

59.5 

60.3 

610.5 


Ox 4 

14 X A 

107.0 

,69.6 

50.3 

50:i.4 


Ox 4 

14 X A 

107.0 

71.4 

56.3 

168.6 


4x 3 


07.2 


67.5 

188.8 


ryxSHxH 


74.8 


67.5 

19.3.6 


4x 3 x}^i 


77.0 


67.5 

208.1 


01^4 xH 


82.4 


67.5 

22(5.5 


4x 3 x% 


87.0 


67.5 

22(5.0 


ox^y^xVi 


87.0 


67.5 

2.68.0 


Ox 4 x\i 


98.0 


67.5 

207.0 


oxsyjxH 


100.4 


67.5 

208.0 


ryxVAxH 

12 X A 

74.8 

.30.0 

67.5 

307.0 


Ox 4 xH 


11.3.2 


67.5 

330.2 


6x.33^xil^ 

12 X A 

74.8 

40.8 

67.5 

341.5 

20 xH 

Ox 4 xH 

14 X A 

82.4 

36.7 

67.5 

354.4 


Ox 4 x5i 


127.0 


67.5 

377.4 


5x3HxH 

12 X A 

87.0 

40.8 

67.5 

380.1 


Ox 4 x% 

14 X A 

82.4 

47.0 

67.5 

415.2 


5x:iAxA 

12 X A 

87.6 

51.0 

67.5 

435.1 


Ox 4 XA 

14 X A 

98.0 

47.6 

67.5 

454.5 


SxHAxH 

12 X A 

100.4 

51. (F 

67.5 

479.3 


Ox 4 XA 

14 X A 

98.0 

69.5 

67.5 

526.1 


Ox 4 xA 

14 X A 

113.2 

59.5 

67.5 

669.9 


Ox 4 xH 

14 X A 

113.2 

71.4 

67.6 

613.9 


Ox 4 xH 

14 xH 

127.0 

71.4 

67.6 

200.4 


4x 3 xA 


83.1 


78.8 

233.4 


4x 3 xH 


93.1 


78.8 

233.5 


5x.3^xJ4 


93.1 


78.8 

205.3 


Ox 4 xA 


103.5 


78.8 

274.5 


r,x3AxA 


105.9 


78.8 

314.8 


Ox 4 xA 


118.7 


78.8 

361.3 


Ox 4 xH 


133.1 


78.8 

384.0 

26 X %a 

5x3AxA 

12 X A 

93.1 

40.8 

78.8 

421.8 


5x3AxA 

12 X A 

93.1 

61.0 

78.8 

441.7 


Ox 4 xA 

14 X A 

103.5 

47.6 

78.8 

401.1 


5x3AxA 

12 X A 

105.9 

51.0 

78.8 

485.9 


Ox 4 xA 

14 X A 

103.6 

60.6 

78.8 

532.7 


6x 4 xA 

14 X A 

118.7 

59.6 

78.8 

676.6 


6x 4 xA 

14 X A 

118.7 

71.4 

78.8 

620.6 


6x 4 xH 

14xA 

1 133.1 

71.4 

78.8 
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GIRDERS 


RIVETED PLATE GIRDERS— Continued 


Section 

Modulus, 

Axis 1-1, 
Inches^ 

Size in Inches 

Weight per Foot, 
Pounds 

Maximum 

End 

Ecaction 

in 

Thousands 

of 

Pounds 

Web 

Plate 

Flange 

Anglos 

Flange 

Plates 

Web Plate 
and 
Flange 
Angles 

Flange 

Plates 

185.6 

• 

5x3H^H 


70.3 


56.3 

211.0 


6x 4 


77.0 


56.3 

230.3 


5x:i^x}4 


83.1 


56.3 

264.1 


6x 4 x)4 


93.5 


56.3 

273.2 


5x3}^x^ 


95.9 


66.3 

304.5 


5x3‘^xi}^ 

12 xH 

70.3 

30.6 

56.3 

315.3 


6x 4 


108.7 


66.3 

344.2 

27x<Hfl 

5x3}^xH 

12 xH 

70.3 

40.8 

56.3 

340.8 

Ox 4 x)i 

14 X ^ 

77.9 

35.7 

56.3 

387.3 


5x3i4xH 

12 X 

83.1 

40.8 

.56.3 

396.2 


6x 4 xH 

14 X Yi 

77.9 

47.6 

56.3 

426.7 


5x3HxH 

12 X % 

83.1 1 

61.0 

56.3 

447.4 


6x 4 x^ 

14 X H 

93.5 

47.6 

56.3 

467.7 


5x3HxH 

12 x^ 

95.9 j 

61.0 

56.3 

493.4 


Gx 4 xH 

14 X H 

03.5 

59.5 

66.3 

542.4 


6x 4 xH 

14 X % 

108.7 

59.5 

56.3 

588.0 


Gx 4 x^ 

14x 

108.7 

71.4 

56.3 

193.1 


5x3}^xH 


76.0 


67.5 

218.5 


Gx 4 xH 


83.6 


67.6 

237.8 


6x3^xJ4 


88.8 


67.6 

271.5 


6x 4 xH 


99.2 


67.6 

280.6 


5x3^xH 


101.6 


67.6 

311.7 


5x3HxH 

12 xH 

76.0 

30.6 

67.6 

322.7 


Gx 4 x5^j 


114.4 


67.6 

351.4 


5x.334xH 

12 xH 

76.0 

40.8 

67.6 

357.1 

27 xH 

6x 4 x^' 

14 xf^ 

83.6 

35.7 

67.6 

371.4 

Ox 4 xH 


128.8 


67.6 

394.5 


5x.3Hx^ 

12 xH 

88.8 

40.8 

67.5 

403.4 


6x 4 x^ 

14 xH 

83.6 

47.6 

67.5 

417.9 


Ox 4 xH 


143.2 


67.6 

433.8 


6x3>4xH 

12 x^ 

88.8 

51.0 

67.6 

454.6 


6x 4 

14 X 

99.2 

47.6 

67.6 

474.8 


5x3J4x5^ 

12x5^ 

101.6 

61.0 

67.6 

600.5 


6x 4 xH 

14 xH 

99.2 

59.5 

67.6 

649.5 


6x 4 x^ 

14 X H 

114.4 

59.5 

67.6 

505.1 


6x 4 xH 

14x5i 

114.4 

71.4 

67.6 

641.2 


6x 4 xH 

14 xH 

128.8 

71.4 

67.6 

*246.2 


5x3HxH 


94.6 


78.8 

279.0 

27*%« 

Gx 4 x>^ 


106.0 


78.8 

288.1 

5x3Hx^ 


107.4 


78.8 

330.2 


6x 4 x^ 


' 120.2 


78^ 
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RIVETED PLATE GIRDERS— Continued 


Section 

Modulus, 

Axis 1-1, 
Inchee^ 

Sise in Inches 

1 

Weight per Foot, 
Pounds 

Maximum 

End 

Reaction 

in 

Thousands 

of 

Pounds 

Web 

Plate 

Flange 

Angles 

. 

Flange 

Plates 

Web Plate > 
and 
Flange 
Angles 

1 

Flange 

Plates 

378.8 


6x 4 x ^4 



1.34.6 

. 

78.8 

401.7 


r>x3Hxyj 

12 x 


94.0 

40.8 

78.8 

425.3 


6x 4 x% 



149.0 


78.8 

440.9 


rixsVjxy 

12 X 

y 

94.6 

51.0 

78.8 

461.8 

27 X 

Ox 4 xy 

14 X 

y 

105.0 

47.0 

78.8 

482.0 


5x.3Hx% 

12 X 

y 

107.4 

51.0 

78.8 

507.7 


Ox 4 xy 

14 X 

y 

105.0 

59.5 

78.8 

656.6 


Ox 4 x% 

14 X 

y 

120.2 

59.5 

78.8 

602.4 


Ox 4 x^s 

14 X 

u 

120.2 

71.4 

78.8 

648.2 


Ox 4 xH 

14 X 

M 

134.6 

71.4 

78.8 

194.6 


5x3yxH 



71.4 


56.3 

221.0 


Ox 4 xH 



79.0 


56.3 

241.1 


SxOHx^ 



84.2 


56.3 

276.3 


Ox 4 xy 



94.0 


56.3 

285.8 


5x3>ax‘l^ 



97.0 


50.3 

317.8 



12 X 

y 

71.4 

30.6 

66.3 

329.7 


Ox 4 x^i 



109.8 


56.3 

359.0 


!ixliHx% 

12 X 

y 

71.4 

40.8 

56.3 

365.0 

28x%a 

Ox 4 x% 

14 X 

y 

79.0 

35.7 

56.3 

404.0 


5x3yjxyj 

12 X 

y 

84.2 

40.8 

56.3 

413.1 


Ox 4 x% 

14 X 

y 

79.0 

47.6 1 

50.3 

444.8 


5x3J^xJ^ 

12 X 

y 

84.2 

51.0 

56.3 

466.5 


Ox 4 xy 

14 X 

y 

94.6 

47.6 

56.3 

487.6 


Hx'syxy 

12 X 

y 

97.0 

51.0 

66.3 

614.2 


Ox 4 xy 

14 X 

y 

94.6 

59.5 

66.3 

605.4 


Ox 4 xy 

14 X 

y 

109.8 

59.5 

56.3 

612.7 


6x 4 xy 

14 X 

H 

109.8 

71.4 

50.3 

202.6 


5x3yxy 



77.3 


67.6 

229.0 


Ox 4 xy 



84.9 


67.6 

249.1 


5x3yxy 



90.1 


67.6 

284.3 


Ox 4 xy 



100.5 


67.6 

293.8 


5x3yxy 



102.9 


67.6 

325.6 


sxsyxy 

12 X 

y 

77.3 

30.6 

67.6 

337.7 

28xH 

6x 4 xy 



115.7 


67.6 

366.7 


5x3yxy 

12 X 

y 

77.3 

40.8 

67.6 

372.8 


6x 4 xy 

14 X 

y 

84.9 

35.7 

67.5 

888.5 


Ox 4 xy 



130.1 


67.6 

411.7 


sxsyxy 

12 X 

y 

90.1 

40.8 

67.6 

420.8 


Ox 4 xy 

14 X 

y 

84.0 

47.6 

67.6 

437.0 


6x 4 xy 



144.5 


67.6 

452.5 1 


5x3yxy 

12 X 

y 

90.1 i 

51.0 1 

67.6 
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GIRDERS 


RIVETED PLATE GIRDERS— Continued 


Section 

Modulus, 

Axis !-l, 
Inches'* 

Size in Inches 

Weight per Foot, 
Pounds 

Maximum 

Knd 

Eeaction 

in 

Thousands 

of 

Pounds 

Web 

Plates 

Flanso 

Angles 

Flange 

Plates 

Web Plate 
and 
Flange 
Angles 

Flange 

Plates 

471.3 


Ox 4 xj'i 

14x^<J 

100.5 

47.0 

07.5 

40r).3 


5x33^\5^ 

12 X 1^ 

102.9 

51.0 

07.5 

521.9 

28 X y, 

Ox 4 xli 

14 X A 

100.5 

.59.5 

07.5 

573.1 


Ox 4 xy 

14 X A 

115.7 

59.5 

07.5 

020.4 


Ox 4 xJs 

14 X X 

115.7 

71.4 

07.5 

008.0 


Ox 4 xj 4 

14 xX 

130.1 

71.4 

07.5 

257.1 


5x3t^x><i 


96.1 


78.8 

292.4 


Ox 4 xW 


100.5 ! 


78.8 

301.8 


nxivAxy 


108.9 


78.8 

345.8 


Ox 4 xiis 


121.7 


78.8 

390.5 


Ox 4 xjJi 


130.1 


78.8 

419.5 


5x33^xH 

12 X 

90.1 

40.8 

78.8 

445.1 

28 X Via 

Ox 4 xJi 


150.5 


78.8 

400.2 


5x3)ij X 

12 X A 

90.1 

51.0 

78.8 

482.0 


Ox 4 x >'2 

14 X A 

100.5 

47.0 

78.8 

503.0 


r,x8}4xH 

12 X A 

108.9 

51.0 

78.8 

520.0 


Ox 1 x'A 

14 X 5 '8 

100.5 

50.5 

78.8 

580.8 


Ox 4 x5-8 

14 X 5h 

121.7 

59.5 

78.8 

028.0 


Ox 4 

14 X X 

121.7 

71.4 

78.8 

070.2 


Ox 4 xX 

^4xX 

130.1 

71.4 

78.8 

221.8 


5xVAx% 


79.9 


74.3 

250.5 

• 

Ox 4 x% 


87.5 


74.3 

272.1 


5x3Mx^2 


92.7 


74.3 

•310.3 


Ox 4 xj^ 


103.1 


74.3 

320.5 


5xVA^H 


105.5 


74.3 

353.8 


r^xSAxYs 

12 X H 

79.9 

30.0 

71.3 

306.2 


5x3AxX 


117.5 


74.3 

308.1 


Ox 4 x% 


118.3 


74.3 

397.8 


5x8 A xX 

12 xH 

79.9 

40.8 

74.3 

404.7 


Ox 4 x^^ 

14 X?^ 

87.5 

35.7 

74.3 

423.1 

30 X H 

Ox 4 xX 


132.7 


74.3 

440.0 


5x8yjxA 

12 xH 

92.7 

40.8 

74.3 

456.1 


Ox 4 x-X 

14 X A 

87.5 

47.6 

74.3 

475.8 


Ox 4 xX 


147.1 


74.3 

490.3 


5x3J^xK 

12 X A 

92.7 

61.0 

74.3 

614.0 


Ox 4 xA 

14 X A \ 

103.1 

47.6 

74.3 

636.7 


5x'SA^X 

12xA \ 

105.5 

61.0 

74.3 

665.1 


Ox 4 xj^ 

14 x A 

103.1 

59.5 

74.3 

620.6 


Ox 4 xX 

14 X A 

118.3 

59.6 

74.3 

671.3 


6x 4 xH 

14 xX 

118.3 

71.4 

74.3 

723.8 


6x 4 xX 

14 xX 

132.7 

71.4 

74.3 
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CARNEQIE STEEL COMPANY 


RIVETED PLATE GIRDERS — Continued 


Section 

Modulus, 

Axis 1-1, 
Inches’’ 

Size in Inches 

Weight per Foot, 
Pounds 

Maximum 

End 

Reaction 

in 

Thousands 

of 

Pounds 

Web 

Plates 

Flange 

Angles 

Flange 

Plates 

Web Plate 
and 
Flange 
Angles 

Flange 

Plates 

281.4 


5x3J2xM 


99.0 

• 

86.6 

319.6 


6x 4 X >2 


109.4 


86.6 

329.7 


5x33^xH 


111.8 


86.6 

37.J.6 


3x.3lix34 


123.8 


80.6 

377.3 


Gx 4 xH 


124.0 


86.6 

432.3 


Gx 4 x ?4 


130.0 


86.6 

455.5 


5x3J^xJii 

12x34 

99.0 

40.8 

80.6 

485.0 

30 X 7Ae 

Gx 4 xjj^ 

153.4 


80.6 

499.2 


5x3^xi.j 

12x54 

99.0 

51.0 

86.6 

523.0 


Gx 4 x ‘2 

14x34 

109.4 

47.6 

86.6 

545.6 


5x3iiix^^ 

12 X 54 

111.8 

51.0 

86.6 

674.0 


Gx 4 x>^ 

14 X 54 

109.4 

59.5 

86.6 

629.5 


Gx 4 xH 

14 x5^ 

124.0 

59.5 

86.6 

680.1 


Gx 4 x^8 

14 X 54 

124.6 

71.4 

86.6 

732.6 


Gx 4 xM 

14 X 5i 

1.39.0 

71.4 

86.6 

290.6 


5x3^xH 


105.4 


99.0 

328.8 


Gx 4 x»^ 


ll.'i.S 


99.0 

338.9 


5x3>iix«-^ 


118.2 


99.0 

384.7 


r>x3HxH 


130.2 


99.0 

386.5 


6x 4 xH 


131.0 


99.0 

441.5 


6x 4 xH 


145.4 


09.0 

464.4 

30 X H 

5x3)4xH 

12x34 

105.4 

40.8 

99.0 

494.2 

Gx 4 xj^ 


159.8 

990 

508.0 


5x3HxJ4 

12x54 

105.4 

51.0 

99.0 

531.9 


Gx 4 x><l 

14x34 

115.8 

47.6 

99.0. 

554.5 


5x3i.4x^ 

12x54 

118.2 

51.0 

09.0 

582.8 


Gx 4 x>^ 

14x54 

115.8 

59.5 

99.0 

6.38.3 


Gx 4 x^^ 

14x54 

131.0 

59.5 

99.0 

688.9 


Gx 4 xH 

14 X U 

131.0 

71.4 

99.0 

741.3 


Gx 4 xM 

14x54 

145.4 

71.4 

99.0 

251.7 


HxSy^xH 


83.7 


81.0 

283.7 


Gx 4 xj^ 


91.3 


81.0 

307.7 


6x334x34 


96.6 


81.0 

308.4 


Ox 6 x^ 


101.7 


121.5 

360.3 


6x 4 x34 


106.9 


81.0 

361.5 

33 xH 

5x334x54 


109.3 


81.0 

383.6 


6x 6 x34 


120.6 


121.5 

396.9 


5X3HX54 

12x54 

83.7 

30.6 

81.0 

412.5 


6x334x54 


121.3 


81.0 

414.7 


6x 4 x54 


122.1 


81.0 

445.5 


6x334x54 

12x34 

83.7 

40.8 

81.0 

453.4 


6x 4 x54 

14x54 

91.3 

36.7 

81.0 
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QIRDERS 


RIVETED PLATE GIRDERS — Continued 


Section 

Modulus, 

Axis 1-1, 
Inches^ 

Size in Inches 

Weight i)er Foot, 
Pounds 

Maximum 

End 

Ileaction 

in 

'rhousands 

of 

Pounds 

Web 

Plato 

. Flange 
Angles 

Flange 

Plates 

Web Plate 
and 
Flange 
Angles 

Flange 

Plates 



Ox 0 xM 


138.9 


121.5 

470.1 


Ox 4 xiJi 


130.5 


81.0 

477,6 


Ox 0 X^B 

14 x S 

101.7 

35.7 

121.5 

400.8 


5x3yaX>a 

12 X y 

90.5 

40.8 

81.0 

510.0 


Ox 4 X?.8 

14 X y 

91.3 

47.0 

Sl.O 

52.5.4 


Ox 0 x -;‘4 


150.9 


121.5 

554.1 


Ox 0 x?^ 

14 X i -i 

101.7 

47.0 

121.5 

548.0 


5x3)/axjij 

12 X 

90.5 

51.0 

81.0 

574.7 


Ox 4 x‘i 

14 X 3i 

lOO.U 

47.0 

Sl.O 

500.0 


Ox 0 

14 X Vh 

101.7 

59.5 

121.5 

592.0 

33 X % 

Ox 0 xH 


1 74.5 


121.5 

509.0 


5x3’'i3X?« 

12 X 

109.3 

51.0 

81.0 

007.1 


Ox 6 x3a 

14 X H 

120.5 

47.0 

121.5 

030.0 


Ox 4 x>i 

14 X H 

100.9 

59.5 

81.0 

003.1 


Ox 0 xj-i 

14 X ®8 

120.5 

59.5 

121.5 

003.0 


Ox 4 x^B 

11 X 

122.1 

59.5 

81.0 

719.2 


Ox 0 x)a 

14 X U 

120.6 

71.4 

121.5 

732.7 


Ox 0 xH 

11 X ftg 

138.9 

.59.5 

121.5 

748.9 


Ox 4 xps 

14 X U 

122.1 

71.4 

81.0 

788.3 


Ox 0 x5b 

14 X U 

138.9 

71.4 

121.5 

807.0 


Ox 4 xU 

14 X H 

1,30.5 

71.4 

81.0 

854.9 


6x 0 xH 

14 X U 

150.9 

71.4 

121.5 

318.9 


5x334xJ--3 


103.5 


94.5 

301.5 


Ox 4 x3Sj 


113.9 


94.5 

372.7 


5x3V!iX^^ 


1 10.3 


94.5 

394,8 


Ox 6 x3^ 


127.5 


141.8 

423.7 


5x33^x?4 


128.3 


94.5 

425.8 


Ox 4 x^ 


129.1 


94.5 

407.0 


Ox 0 xH 


145.9 


141.8 

487.2 


Ox 4 x «4 


143.5 


94.5 

510.7 

33 X 7/io 

5x3>4x3^ 

12 X H 

103.5 

40.8 

94.5 

530.0 


Ox 0 


163.9 


141.8 

558.8 


5x3^xJi 

12 X ^ 

103.5 

61.0 

94.5 

685.0 


Ox 4 xH 

14 xH 

113.9 

47.0 

94.5 

003.8 


Ox 6 xj^ 


181.5 


141.8 

610.0 


sxsyjxH 

12 xH^ 

116.3 

61.0 

94.5 

617.9 


Ox 0 x34 

14 X 3^ 

127.5 

47.6 

141.8 

641.7 


Ox 4 xH 

14 x 

113,9 

59.6 

04.5 

673.0 


6x 6 xH 

14 X H 

127.6 

59.5 

141.8 

703.8 


6x 4 xH 

14 x^ 

129.1 

59.5 

94.5 
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CARNEQIB STEEL COMPANY 


RIVETED PLATE GIRDERS — Continued 


1 



1 

1 Section 

1 , Modulus, 

1 Axis 1-1, 

1 Inches'* 

i 

Size in Inches 

Weight per Foot, 
Founds 

Maximum 

End 

Reaction 

in 

Thousands 

of 

Pounds 

Web 

Plates 

Flanf^o 

Angles 

Flange 

Plates 

Web Plate 
and 
Flange 
Angles 

Flange 

Plates 

1 72».0 

1 74.-i.r» 

I 759. G 

f 799.0 

818.3 

865.6 

330.0 

372.6 

383.9 

406.0 

434.9 

437.0 

478.2 

498.4 

521.5 

547.8 

669.5 

696.4 

615.0 

621.4 

028.8 

652.5 

084.6 

714.6 

740.6 

754.3 

770.3 

809.7 

829.0 

876.3 

318.0 

344.4 
346.9 

391.4 

403.7 

430.3 

460.0 

462.4 
503.3 
610.6 
630.2 
631.6 

33 X T/i« 

33 X 

36 XH 

( 

( 

( 

6x 6 

Ox 6 x5ii 
6x 4 

Ox 6 x% 
6x 4 xM 
6x 6 xM 

5x3^x>4 

Ox 4 xJa 

5x3}4^H 
Ox 6 x.'a 
5 x3><|x? 4 
6x 4 

Ox 6 x!:*« 
Ox 4 xJi' 

5x3Hxj^ 
6x 6 x -)4 
5x3>ixH 
6x 4 x>4 
6x 0 xJ4 

5x3^xH 

Ox 6 xH 
6x 4 x>^ 
6x 6 x.l^ 
6x 4 x*^ 
6x 6 xJ4 
6x 6 x^ 
Ox 4 xH 
Ox 6 x% 
Ox 4 

Ox 6 xM 

6x 4 xH 
5x3Hxj^ 
Ox 6 x% 
6x 4 xH 
6x3Hx^ 
6x 6 xH 
5 x3HxH 

Ox 4 x% 
Ox 4 xH 
Ox 6 xH 
3x 4 x^ 
3x 6 xH 

14 x 34 
14 X 

14 X ? 

14 X M 
14 X « 

14 X 54 

12 xK 

12 X 5^ 
14 x 

12xH 

14 xH 

l^xH 

14 X 5^ 

14 xM 

14 X H 

14 xH 

14 xH 

14 X 

14 X M 

14 xM 

14 xH 

14x5^ 

127.5 
145.9 

129.1 

145.9 

143.5 

103.9 

110.5 

120.9 

123.3 

134.5 

13.5.3 

130.1 

152.9 

150.5 

110.5 

170.9 

110.5 

120.9 

188.5 

123.3 

134.5 

120.9 
134.5 

136.1 

134.5 

152.9 

136.1 

1.52.9 

160.5 

170.9 

95.1 

100.3 

105.5 

110.7 

113.1 

124.3 

125.1 

125.9 
95.1 

142.7 

140.3 
105.5 

• 71.4 

59.5 
71.4 
71.4 
71.4 

71.4 

40.8 

51.0 

47.6 

61.0 
47.6 

59.5 
59.C 
59.5 

71.4 

69.5 

71.4 

71.4 

71.4 

71.4 

36.7 

36.7 

141.8 

141.8 

94.5 

141.8 

94.5 

141.8 ! 

.108.0 

108.0 

108.0 i 

162.0 
108.0 
108.0 
162.0 
108.0 
108.0 
162.0 
108.0 

108.0 

162.0 

108.0 

102.0 

108.0 

102.0 

108.0 

102.0 

162.0 

108.0 

162.0 

108.0 

162.0 

87.8 

87.8 

135.0 

87.8 

87.8 

135.0 

87.8 

87.8 

87.8 

135.0 

87.8 

135.0 
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QIRDERS 


RIVETED PLATE GIRDERS— Continued 


Section 

Modulus, 

Axis 1-1, 
Inches^ 

Size in Inches 

Weight per Foot, 
Pounds 

Maximum 

Knd 

Reaction 

in 

Thousands 

of 

Pounds 

Web 

Plates 

FlaiiKe 

Angles 

Flange 

Plates 

Web Plate 
and . 
Flange 
Angles 

Flange 

Plates 

.Wd.a 


5x3»4x3il 

12 X 34 

100.3 

40..S 

87.8 



6x 4 xl'^ 

14 X 14 

9.5.1 

47.6 

87.8 

rm .2 


6x 6 x»{; 

14 X yj 

105.5 

47.6 

1,35.0 

59r..:i 


Gx 4 xK 


1,54.7 


87.8 

fiOfi.S 


5x314 xJ4 

12x55 

100.3 

51.0 

87.8 

63G.r> 


6x 4 xj^ 

14 X 14 

1 10.7 

47.0 

87.8 

654.9 


6x 6 x?4 

14 X H 

105.5 

50.5 

1,35.0 

664.2 

36 v 

5x3>4x54 

12 X 54 

113.1 

51.0 

87.8 

674.4 


Ox 6 xla 

M X 14 

124.3 

47.0 

1,35.0 

698.0 


6x 4 x?4 

14 X 54 

110.7 

.59.5 

87.8 

73,5.5 


6x 0 x34 

1 14 X 54 

124.3 

59.5 

1,35.0 

766.6 


6x 4 xH 

1 14x54 

125.9 

59.5 

87.8 

796.8 


Ox 0 xH 

lAxU 

124.3 

71.4 

135.0 

81,3.1 


Gx 6 x5'8 

14x54 

142.7 

59.5 

135.0 

827.6 


6x A 

14 X % 

125.9 

71.4 

87.8 

87,3.8 


Ox 6 xy 

14 X H 

142.7 

71.4 

135.0 

892.8 


6x 4 x%i 

14 X 54 

140.3 

71.4 

87.8 

357.7 


[5x3KxM 


108.0 


102.4 

404.7 


Ox 4 xl4 


118.4 


102.4 

417.0 


5x314x64 


120.8 


102.4 

443.6 


Ox 6 xl4 


1.32.0 


157.5 

473.3 


5x334 x?4 


’ 132.8 


102.4 

475.7 


Ox 4 x64 


1.33.6 


102.4 

523.8 


Ox 6 x% 


150.4 

! 

157.5 

543.5 


Ox 4 xH 


148.0 


102.4 

567.2 


5x314x14 

12 X 14 

108.0 

40.8 

102.4 

608.6 

36 X 7^0 

6x 4 xJ4 


162.4 


102.4 

619.7 


5x334x14 

12x54 

108.0 

51.0 

102.4 

649.5 


Ox 4 xl4 

14x14 

118.4 

47.6 

102.4 

677.1 


5x314 X 14 

12x54 

120.8 

51.0 

102.4 

687.3 


Ox 6 x34 

14x14 

1.32,0 

47.6 

157.6 

710.8 


Ox 4 xl4 

14x54 

118.4 

59.5 

102.4 

748.4 


6x 6 xl4 

14x54 

132.0 

,59.5 

157.6 

779.5 


Ox 4 xH 

14 X 54 

133.6 

59.5 

102.4 

809.5 


Ox 6 xl4 

14x54 

132.0 

71.4 

157.5 

825.9 


Ox 6 x54 

14x54 

150.4 

59.5 

157.6 

840.4 


Ox 4 x^ 

14x54 

133.6 

71.4 

102.4 

886.6 


6x 6 xH 

14x54 

150.4 

71.4 

157.6 

905.6 


6x 4 x^ 

14 X 54 

148.0 

71.4 

102.4 



CARNEGIE STEEL COMPANY 


RIVETED PLATE GIRDERS— Continued 

Section 

Modulus, 

Axis 1-1, 
Inches'* 

Size in Inches 

Weight i)er Foot, 
Pounds 

Maximum 

End 

Reaction 

in 

Thousands 

of 

Pounds 

Web 

Plates 

FlauRe 

Angles 

Flange 

Plates 

Web J’late 
and 
Flange 
Angles 

Flange 

Plates 

418.0 


6 X 4 X Ja 


120.0 


117.0 

4oG.'J 


0 X 6 X J 'a 


i;i9.o 


180.0 

489.0 


0 X 1 X 


141.2 


117.0 

587.1 


0 X 0 X 5^ 


158.0 


180.0 

550.9 


0 X 4 X 


1.55.0 


117.0 

Old..”) 


0 X 0 X ^4 


170.0 


180.0 

021.9 


0 X 4 X 7,s 


170.0 


117.0 

602.5 


0 X 1 X 2 

14 X 72 

120.0 

47.0 

117.0 

689.2 


0 X 0 X 7n 


193.0 


180.0 

700.3 


0 X 0 X 2 

14 X ' 2 

1.19.0 

47.(5 

180.0 

723.7 


0 X 4 X ’ 2 

14 X r-8 

120.0 

59.5 

117.0 

701.3 

36 X * j 

0 X 0 X * 2 

14 X i 

139.0 

.59.5 

180.0 

792.3 


0 X 4 X ? i 

14 X « 

141.2 

59.5 

117.0 

822.3 


0 X 0 X ) 2 

14 X 

1.39.0 

71.4 

180.0 

838.8 


0 X 0 X ? s 

1 4. x % 

1.58.0 

59.5 

180.0 

853.2 


0 X 4 X H 

14 X 74 

141.2 

71.4 

117.0 

899.4 


0 X 0 X ?8 

14 X H 

158.0 

71.4 

180.0 

918.3 


0 X 4 X ?4 

14 X U 

155.0 

71.4 

117.0 

073.7 


0 X 0 X ?4 

14 X H 

170.0 

71.4 

180.0 

1039.4 


6 X 4 X 

14 X 1 

1.55.0 

95.2 

117.0 

1094.1 


0 X 6 X ?4 

14 X 1 

170.0 

95.2 

J80.0 

llOl.l 


0 X 4 X 7 « 

14 X 1 

170.0 

95.2 

117.0 

1164.9 


6 X 0 X 7 8 

14 X I 

193.0 

95.2 

180.0 

444.7 


() X 4 X * ^ 


141.3 


14G.3 

483.5 


0 X 6 X j i 


154.9 


225.0 

615.7 


6 X 4 X ^3 


150.5 


146.3 

603.7 


0 X 6 X 


173.3 


226.0 

683.5 


0 X 4 X 74 


170.9 


140.3 

641.2 


6 X 0 X ’i 


191.3 


225.0 

648.5 


0 X 4 X 78 


18.5.3 


146.3 

688.4 

36 xH 

6x4x72 

14 xH 

141.3 

47.6 

146.3 

715.8 


0 X 0 X Jji 


208.9 


225.0 

720.2 


6 X 0 X 7^1 

14x7^ 

1.54.9 

47.G 


749.4 


0 X 4 X > •; 

14 x ^ 

141.3 

59.5 

146.3 

787.0 


6 X 6 X >2 

14 X H 

154.9 

69.5 

225.0 

818.1 


6x4x7^ 

14 x^ 

156.6 

59.5 

146.3 

847.9 


6 X 6 X K 

14 X H 

154.9 

71.4 

226.0 

864.6 


6x6x7^ 

UxH 

173.3 

59.5 

225.0 

878.8 


6 X 4 X % 

14 xM 

150.5 

71.4 

146.3 

924.9 


GxGxH 

14x7i 

173.3 

1 71.4 

! 225.0 
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RIVETED PLATE (JIRDERS—Continued 


Weight per Foot, 
rounda 


Flango Flange 

Angles Plates 


Thousands 

of 

Pounds 


i (i X 4 X 5 4 14 X M 

6 X 6 X 5i 14 X M 

« X 6 X 5« 14 X 1 

(i X 4 X 14 X 1 

0 X 6 X 54 14 X 1 

6x4xK 14 xl 


6 X 
(J X ( 
6 X 
6 X ( 
0 X 
« X ^ 
<) X ( 
0 X - 
6 X •; 
() X ( 
0 X ( 
6 X 
6 X f 
6 X ( 
0 X 

• 6 X ( 

42 XH flx^ 


270 



CARNEQIB STEEL COMPANY 


RIVETED PLATE GIRDERS— Continued 


Section 

Modulus, 

Axis 1-1, 
Inches” 

Size in Inches 

Weight per Foot, 

1 Pounds 

Maximum 

End 

Web 

riutes 

Flange 

Angles 

Flange 

Plates 

Web Plate 
and 
Flange 
Angles 

Flange 

Plates 

in 

Thousands 

of 

Pounds 

1130.4 


6 X 4 X 

10 X u 

148.0 

• S1.6 

10J.3 

1138.r, 


6 X 6 X 

14 X U 

168.4 

71.4 

157.6 

1194.1 


6 X 6 X 

10 X Vs 

150.4 

95.2 

157.5 

1202.3 

42 X Vh 

6 X 6 X li 

16x34 

108.4 

81.6 

157.5 

12«3..'i 


6 X 6 X 

16 X J4 

10S.4 

95.2 

157.5 

1280.4 


6 X 4 X 

16 X ^ 

162.4 

95.2 

101.3 

1369.9 


0 X (i X K 

ICyxVu 

180.0 

95.2 

157.6 

495.3 


6 X 4 X >2 


127.3 


118.1 

645.4 


6 X 6 X 


140.9 


183.8 

679.5 


6 X 4 X f'ii 


142.5 


118.1 

641.6 


0x6 X 5'a 


159.3 


183.8 

660.2 


6 X 4 X 


150.9 


118.1 

734.7 


0 X 6 X *4 


177.3 


183.8 

737.6 


0 X 4 X % 


171.3 


118.1 

781.5 


6 X 4 X 

14 X H 

127.3 

47.6 

118.1 

824.0 


() X 4 X ’ 3 

16 X 

127.3 

54.4 

118.1 

824.6 


6 X 0 X H 


191.9 


1S3.8 

830.4 


6 X 6 X 3a 

14 X 34 

140.9 

47.6 

183.8 

853.1 


0 X 4 X 3'a 

14 x^^ 

127.3 

69.5 

118.1 

872,9 


6 X 6 X >2 

10 X Vz 

140.9 

54.4 

183.8 

901.8 


0 X 0 X 32 

14 xM 

140.9 

59.5 

183.8 

934.9 

42 X tin 

0 X 4 X 5-8 

14 X H 

142.5 

59.5 

118.1 

954,9 


6 X 6 X Vj 

16x 54 

140.9 

08.V 

183.8 

973.2 


6 X 0 X 32 

14 X % 

140.9 

71.4 

183.8 

988.1 


0x4x5^ 

16 X 5^ : 

142.5 

68.0 

118.1 

995.3 


6 X 6 X 

14 X % 

159.3 

59.5 

183.8 

1006.2 


6 X 4 X 5^ 

11 X H 

142.5 

71.4 

118.1 

1048.4 j 


0 X 6 X H 

10 X ^8 

159.3 

68.0 

183.8 

1066.2 


6 X 6 X 

14 xM 

1.59.3 

71.4 

183.8 

1084.1 


0 X 4 X H 

14 X U 

150.9 

71.4 

118.1 

1129.9 


6 X 6 X H 

16 X 34" 

159.3 

81.6 

183.8 

1147.9 


0 X 4 X % 

16 X % 

150.9 

81.6 

118.1 

1156.0 


6 X (5 \U 

14 X U 

177.3 

71.4 

183.8 

1211.6 


6x6x5^ 

16 X li 

169.3 

95.2 

183.8 

1219.8 


0 X 6 X 

\QxH 

177.3 

81.6 

183.8 

1300.9 


6 X 0 X 

16 xH 

177.3 

95.2 

183.8 

1387.3 


0 X 6 X % 

16 X K 

194.9 

95.2 

183.8 

513.5 


0x4x3^ 


136.2 


136.0 

663.5 


0 X Ox 34 


149.8 


210.0 

697.7 

42 xH 

0 X 4 X ^ 


151.4 


135.0 

659.8 


6 X 6 X % 


168.2 


210.0 

678.4 


6 X 4 X 


185.8 


136.0 






GIRDERS 

RIVETED PLATE GIRDERS— Continued 


Section 

Modulus, 

Axis 1-1, 
Inches’*, 

Size in Inches 

Weight per Foot, 
Pounds 

Maximum 

End 

Reaction 

in 

Thousands 

of 

Pounds 

Web 

Plates 

Flange 

Angles 

Flange 

Plates 

Web Plate 
and 
Flange 
Angles 

Flange 

Plates 

752.8 



, 0 X 0 



186.2 


210.0 

755.8 



6 X 4 X 



180.2 


13.5.0 

709.2 



0x4x1^ 

14 X 

34 

1.36.2 

47.6 

135.0 

841.7 



6 X 4 X M 

10 X 

34 

130.2 

54.4 

1.35.0 

842.7 



6 X 0 x K 



203.8 


210.0 

84S.1 



6x6x3^ 

14 X 

34 

149.8 

47.6 

210.0 

870.8 



6x4x H 

14 X 

54 

136.2 

59.5 

135.0 

890.0 



0 X 6 X H 

10 X 

34 

149.8 

64.4 

210.0 

919.4 



6 X 6 X 

14 X 

34 

149.8 

59.5 

210.0 

952.0 



a X 4 X ^ 

14 X 

54 

151.4 

59.5 

1.35.0 

972.0 



6 X 6 X H 

16 X 

54 

149.8 

68.0 

210.0 

990.8 



6 X 6 X } 'j 

14 X 

H 

149.8 

71.4 

210.0 

1005.7 



0 X 4 X H 

16 X 

54 

151.4 

68.0 

135.0 

1012.9 

42 

X H 

0x0x5^ 

14 X 

54 

168.2 

59.5 

210.0 

1023.7 



0 X 4 X 

14 X 

H 

151.4 

71.4 

1.35.0 

1000.0 



0x0x5^ 

10 X 

54 

168.2 

68.0 

210.0 

1083.7 



6x6x5^ 

14 X 

54 

168.2 

71.4 

210.0 

1101.7 



0 X 4 X ^ 

14 X 

H 

105.8 

71.4 

135.0 

1147.5 



6 X 6 X H 

10 X 

H 

168.2 

81.6 

210.0 

1106.4 



0 X 4 X 

16 X 

H 

10.6.8 

81.6 

135.0 

1173.6 



6 X 0 X 

14 X 

H 

186.2 

71.4 

210.0 

1229.0 



0 X 0 X ^ 

16 X 

% 

108.2 

95.2 

210.0 

' 1237.4 



6 X 6 X M 

16 X 

H 

186.2 

81.6 

210.0 

1318.4 



0 X 0 X H 

16 X 

34 

180.2 

95.2 

210.0 

1.321.2 



6x4 X K 

10 X 

34 

180.2 

95.2 

1.35.0 

1404.7 



0 X 6 X K 

16 X 

34 

20.3.8 

95.2 

210.0 

406.9 



0 X 4 X % 



110.4 


121.5 

512.7 



0 X 6 X M 



120.8 


180.0 

667.4 



0 X 4 X 34 



126.0 


121.6 

628.9 



6 X 0 X 34 



139.0 


180.0 

664.9 



0 X 4 X 54 



141.2 


121.5 

714.4 



6 X 4 X ?4 

14 X 

54 

110.4 

35.7 

121.6 

741.3 



0 X 6 X 54 



158.0 


180.0 

760.8 



6 X 4 X 54 

16 X 

54 

110.4 

40.8 

121.5 

75’8.6 

48 

xH 

0 X 4 X 54 



155.6 


121.6 

759.5 


6 X 0 X 54 

14 X 

54 

120.8 

35.7 

180.0 

795.9 



0 X 0 X 54 

16 X 

54 

120.8 

40.8 

180.0 

797.0 



6 X 4 X 54 

14 X 

34 

110.4 

47.6 

121.6 

841.9 



6 X 6 X 54 

14 X 

34 

120.8 

47.6 

180.0 

848.3 



6 X 4 X 54 



170.0 


121.6 

850.1 



6 X 0 X 54 



176.0 


180.0 

890.4 



6x 6x 54 

16 X 

34 

120.8 

54.4 

180.0 

806.5 



6x4x 34 

14 X 

34 

126.0 

47.6 

121.6 
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CARNEQIB STEEL COMPANY 


RIVETED PLATE GIRDERS— Continued 


Section 

Size in Inches 

Weight per Foot, 
Pounds 

Maximum 

End 

Reaction 

Modulus. 










Axis 1-1, 

Web 

Flange 

1 Flange 

Web Plate 
and 

Flange 

in 

Thousands 

of 

Pounds 

Inches*' 

Plates 

Augka 

1 Plates 

1 

Flange 

Angles 

PlatM 

024.3 


0 X 0 X % 

14 X 

120.S 

• 59.5 

180.0 

944.0 


0x4x 

10 X 3<j 

126.0 

.54.4 

121.5 

95.'i.2 


0 X 6 X 


lO.'l.O 


180.0 

9.5.5.S 1 


6 X 0 X ‘ii 

14 X 34 

189.6 

47.0 

180.0 

977.7 1 


0 X 4 X ]i 

14x34 

120.0 

59.5 

121.5 

1004.3 


6 X 0 X }4 

10x34 

1.89.6 

54.4 

180.0 

1037.6 


0 X 6 X j 2 

I4x 34 

139.0 

59.5 

180.0 

1072.7 


0 X 4 X 

14 X 54 

141.2 

.59.5 

121.6 

1098.2 


0 X 6 X 

10 X 34 

139.6 

68.0 

180.0 

1119.5 


0x0x32 

14 X H 

139.0 

71.4 

180.0 

1133.3 


(Sx\x% 

16 X 34 i 

141.2 

C8.0 

121.6 

1147.1 

48 

6 X 0 x % 

14 X 34 

158.0 

69.5 

180.0 

1154.4 


0 X 4 x 5^ 

14 X % 

141.2 

71.4 

121.5 

1207.8 


0 X 6 X % 

10 X 34 

158.0 

68.0 

180.0 

1228.4 


0 X 0 X % 

14 X % 

1.58.0 

71.4 • 

180.0 

1245.2 


6 X 4 X ^4 

14 X 34 

155.6 

71.4 

121.5 

1301.2 


6 X 6 X 

lOx 34 

1.58.0 

81.6 

180.0 

1317.9 


0 X 4 X 

16x34 

1.55.0 

81.0 

1 121.6 

1334.0 

i 

0 X 0 X M 

iAx% 

170.0 

71.4 

1 180.0 

1394.7 


0x6x5^ 

16x34 

158.0 

95.2 

j 180.0 

1406.7 


0 X 6 X U 

\Qx% 

176.0 

81.0 

180.0 

1498.1 


6x4x3^ 

10 X % 

170.0 

' 95.2 

121.5 

1499.7 


0 X 6 X ^4 

16x34 

' 170.0 

95.2 

180.0 

1001.3 


0 X Ox K 

I6x 34 

193.6 

95.'2 

180.0 

691.2 


6 X 4 X Vi 


136.2 


141.8 

652.7 


0 X 0 X H 


149.8 


210.0 

688.7 


6x4x5^ 


151.4 


141.8 

765.0 


(i X 6 X % 


168.2 


210.0 

782.3 


lo X 4 X K 


105.8 


141.8 

872.1 


0 X 4 X % 


180.2 


141.8 

873.8 


6 X 0 X *4 


186.2 


210.0 

918.8 

1 

! 0 X 4 X 32 

14x34 

136.2 

47.6 

141.8 

967.3 

4SxT^o 

' 0 X 4 X 3^ 

I6x 34 

1 136.2 

54.4 

141.8 

979.0 

0x6x3^ 


1 203.8 


210.0 

979.0 


0x0x33 

14x34 

' 149.8 

47.6 

210.0 

1000.8 


0 X 4 X 33 

14x34 

136.2 

59.5 

141.8 

1027.0 


(1x6x33 

10x34 

149.8 

54.4 

210.0 

1060.8 


0 x 0 X 32 

14 x 34 

149.8 

59.5 

210.0 

1095.8 


0 X 4 X 

14x34 

151.4 

59.5 

141.8 

1121.4 


6x0x 34 

l6x 34 

149.8 

68.0 

210.0 

1142.5 


6x6x 34 

14x34 

149.8 

71.4 

210.0 

1156.6 


6x4x34 

16x34 

1 151.4 

68.0 

1 141.8 
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GIRDERS 


RIVETED PLATE GIRDERS— Continued 


Section 

Modulus, 

Axis 1-1, 
Inches'* 

Size in InciiPS 

Weight per Foot, j 

Pounds 1 

Web 

Plates 

Flange 

Angles 

Flange 

Plates 

Web Plate 
and 
Mange 
Angles 

Flange 

Plates 

1170.6 


6 X (> X Vs 

14 X 58 

16.S.2 

.59.. 5 

1177.4 


6 X 4 X 

14 X 54 

1.51.4 

71.4 

12.60.9 


6 X 6 X Vn 

16 X H 

168.2 

68.0 

1251.6 


6 X (> X ^8 

14 X 54 

168.2 

71.4 

1268.2 


6 X 4 X 

14 X 54 

16.5.8 

71.4 

1324.3 


6 X 6 X 

16 X 54 

168.2 

81.6 

1341.0 

48 X Via 

0 X 4 X ?4 

16 X 54 

16.5.8 

81.6 

13.57.0 


6 X 6 X 34 

14x54 

186.2 

71.4 

1417.7 


() X 6 X 

16 x H 

168.2 

9 . 5.2 

14‘29.S 


(i X 6 X »4 

16 X 54 

186.2 

81.6 

1521.0 


6 X 4 X 74 

16 X Vs 

180.2 

9.5.2 

1522.7 


6 X 6 X 34 

16 X U 

186.2 

95.2 

1624.2 


6 X 6 X K 

16 X K 

203.8 

95.2 

615.0 


6 X 4 X 1.^ 


146.4 


676.4 


6 X 6 X J 2 


160.0 


712.4 


6 X 4 X H 


161.6 


788.8 


6 X 6 X 


178.4 


806.0 


6 X 4 X Vi 


176.0 


895.8 


6x4x7-^ 


190.4 


897.6 


6 X 6 X 54 


196.4 


942.1 


6 X 4 X 14 

14 X K 

146.4 

47.6 

990.6 


6 X 4 X H 

16 X H 

146.4 

.54.4 

1002.3 


GxSxyi 

14x5^ 

160.0 

47.6 

1002.7 


6 X 6 X Js 


214.0 


1024.0 


6 X 4 X *2 

14 X 58 

146.4 

59.5 

1050.8 


6 X 6 X *2 

16 X ‘ <J 

160.0 

54.4 

1083.9 


6 X 6 X *3 

14x 54 

160.0 

59.5 

1119.0 


6x4x58 

14 X 5^8 

161.6 

.59.5 

1144.5 

48 X K 

6 X 6 X U 

16 X 54 

160.0 

68.0 

1165.6 

6 X 6 X 

14x54 

160.0 

71.4 

1179.6 


(S X 4 X 5-8 

16 X 5-8 

161.6 

68.0 

1193.4 


6 X 6 X 5« 

14 X jh: 

178.4 

.59.5 

1200.5 


6x4x5^ 

14x54 

161.6 

71.4 

1254.1 


6 X 6 X 5 ^8 

16 X 5^6 

178.4 

68.0 

1274.5 


6 X 6 X 5s 

l4x 54 

178.4 

71.4 

1291.2 


6 X 4 X 54 

14 X 54 

176.0 

71.4 

1347.3 


6x6x5^ 

16 X 54 

178.4 

81.6 

1364.0 


0 X 4 X 54 

16 X 54 

176.0 

81.6 

1380.0 


6 X 6 X 54 

14 X 54 

196.4 

71.4 

1440.6 


6 X 6 X 5-^ 

16 X 54 

178.4 

95.2 

1452.8 


6 X 6 X 54 

16 X 54 

196.4 

81.6 

1543.9 


6x4x5^ 

16 xH 

190.4 

95.2 

1646.6 


6 X 6 X 54 

16x 54 

196.4 

95.2 

1647.1 


6x6x^ 

16x 54 

214.0 

95.2 


Maximum 

End 

Keaction 

in 

Thousands 

of 

Pounds 


210.0 

14J.S 

210.0 

210.0 

141.8 

210.0 

141.8 

210.0 

210.0 

210.0 

141.8 

210.0 

210.0 

102.0 

240.0 

162.0 

240.0 

162.0 

162.0 

240.0 

162.0 

162.0 

240.0 

240.0 

162.0 

240.0 

240.0 

162.0 

240.0 

240.0 

162.0 

240.0 

162.0 

240.0 

240.0 

162.0 

240.0 

162.0 

240.0 

240.0 

240.0 

162.0 
240 0 

240.0 



CARNEQIE STEEL COMPANY 


RIVETED PLATE GIRDERS— Concluded 


Section 

Modulus, 

Axia 1-1, 
Inches’* 

Size in Inches 

Weight per Foot, 
Pounds 

Maximum 

End 

Ileaction 

in 

Thousands 

of 

Pounds 

Web 

Plates 

Flange 

Angles 

Flange 

Plates 

Web Pluto 
and 
Flange 
Angles 

I'lange 

Plates 

194.7 


6 X 6 X 


8.5.1 


67.5 

245.7 

' 

6 X 6 X } i 


10.3.9 ] 

67.5 

294.2 

24 X Via 

6 X 6 X ^'8 


122.3 1 

67.5 

340.7 

j 

6 X 6 X 'h 


140.3 ; 

67.5 

200.6 


6 X 6 X ? 8 


1 

90.2 1 

81.0 

251.5 

24 X ^ 

6 X 6 X j-a 


109.0 


81.0 

300.1 


6 X 6 X H \ 


127.4 


81.0 

346.6 


6 X 6 X 


145.4 


81.0 

216.6 


6 X 6 X ^8 


87.2 


78.8 

272.9 


0 X 6 X H 


106.0 


78.8 

326.7 


6 X 6 X ^8 


124.4 


78.8 

378.2 


6 X 6 X 


142.4 


78.8 

223.5 


6 X 6 X H 


92.8 


94.5 

279.8 

26 X H 

6 X 6 X K» 


111.6 


94.5 

333.6 


6 X 6 X 


130.0 


94.5 

385.2 


6 X 6 X h 

1 

148.0 


94.5 

230.4 


6 X 6 X H 


98.3 


110.3 

286.7 

26 X 

6 X 6 X Fa 


117.1 


110.3 

340.5 


6 X 6 X 


135.5 


110.3 

392.1 


6 X 6 X ^4 


153.5 


110.3 

227.8 


6 X 6 X 


88.3 


78.8 

286.8 

27 x’Hh 

6 X 6 X H 

i 

107.1 


78.8 

343.1 


6 X 6 X 


125.5 


78.8 

397.3 


6 X 6 X M 


143.5 

1 . 

78.8 

235.2 


6 X 6 X 5^ 

i 

94.0 


94.5 

294.2 

27 xH 

6 X 0 X Fa 


112,8 


94.5 

350.6 


6 X 6 X H 


131.2 


94.5 

404.7 


6 X 6 X H 


149.2 


94.5 

242.7 


i\ X Ox H 


99.8 


110.3 

301 7 

27 x 

6 X 6 X >a 


118.6 


110.3 

358.1 


6 X 6 X Fj 


137.0 


110.3 

412.2 


6 X 6 X 


155.0 


110.3 

271.2 


6 X 6 X ^ 


97.9 


108.0 

338.3 

o 

X 

6 X 6 X Fa 


116.7 


108.0 

402.6 

' 

6 X 6 X 


1 135.1 


108.0 

464.4 


6 X 6 X Fa 


163.1 


108.0 

280.4 


6 X 6 X 


104.2 


126.0 

347.5 

30 X 

6 X 6 X Fa 


123.0 


126.0 

411.8 


6 X 6 X Fs 


141.4 


126.0 

473.6 


6 X 6 X Fi 


159.4 


126.0 

289.6 


6 X 6 X F6 


110.6 


144.0 

356.7 

30x}i 

6 X 6 X U 


129.4 


144.0 

421.0 

6x 6x k 


147.8 


144.0 

482.8 


6 X 6 X ^ 


165.8 


144.0 
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COLUMN SAFE LOADS 

I - - 

COLUMNS AND STRUTS 

Compression members in structures are called posts, struts or 
columns. No exact theoretical formula has been found which will 
give the strength of such members under various conditions of 
loading. The formulas in current use are based on the assumption 
I that tlie members under stress may fail by direct compression, by 
! compression and bending combined, or by bending alone. The 
I empirical formulas based on those assumptions practically agree 
i with results obtained by experiment on full size members. These 
I experiments show that steel columns of ordinary sizes and lengths 
I fail at nearly a constant stress which corresponds to the yield 
; point of that material, and that the load wliich will cause a eoluinn 
! to fail decreases in the ratio of its length to its least lateral 
' dimension. 

Radios of Gyration. As the strength of a column depends on its 
! ability to resist flexural stress, the moment of inertia of its cross 
: section is an important factor in the determination of its carrying 
' capacity. For the purpose of computation, however, it is much 
; more convenient to use the radius of gyration which depends on 
! the moment of inertia. 

Ratio of SiendemesB. The ratio of slenderness is the unsupported 
length of a compression member divided by its radius of gyration, 

I and the unsupported length of a column is determined by such 
j points of support as will prevent deflection of the column in the 
! direction which corresponds to the particular radius of gyration 
under consideration. Columns of unsymmetrical section have 
1 more than one radius of gyration. It is, therefore, necessary to 
I determine the ratio of slenderness for the different radii of gyration 
; of such columns and to use the proper ratio in any particular 
case. 

The unit stresses for different ratios of slenderness given in the 
construction specifications and on page 288 are consistent with 
present practice in column construction and their use does not 
involve the refinements of the more complicated formulas, which 
refinements are often vitiated by uncertainties in the application 
of loads or other practical features. 

The construction specifications limit the maximum ratio of 
slenderness to 120 for main members under steady stresses. For 
secondary members under temporary stress, such as those used in 
wind bracing, higher ratios may be used, but in no case should the 
ratio exceed 200. 
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CARNEOIE STEEL COiVlPANY 

Form and Size of Section. Important as it may be to have the metal 
in the column section distributed as far as possible from the neutral 
axis, that is, with as large a radius of gyration as possible, considera- 
tions of ease in fabrication and simplicity in connections are of 
greater weight. The economical column section is not that which 
affords the least weight of metal in the shaft, but that which, with 
a reasonable radius of gyration, provides the least weight of member, 
shaft and details with the mipimurn amount of riveting. Modern 
practice, therefore, eliminates earlier forms of construction which 
represented the minimum amount of metal *for the maximum 
radius of gyration, such, for example, as the column composed of 
three I-beams or one I-beam and two channels placed either with 
the flanges in or the flanges out. The Z-bar column has also fallen 
into disuse, likewise a number of patented sections and other sections 
shown in earlier editions of this publication. 

The most practical column is one the surfaces of which are 
readily accessible for painting and, therefore, it is desirable to use 
open angle and plate columns rather than closed channel and 
plate columns. 

The column sections should be of such size as to permit ready 
framing of beams and girders thereto and so placed in the construc- 
tion as to permit the simplest details. Experience indicates that 
eight inches is the smallest desirable dimension in ordinary building 
work. For struts and light loads, smaller angle columns are still 
in use, while the H-beams are excellent for such purposes. I-beams 
and single angles may be used with economy where the conditions 
of lengths and loading permit. ^ 

Explanation of Tablea. The tables which immediately follow give 
the safe loads in thousands of pounds on H-beam and I-beam 
columns and on a selected line of channel and angle columns which, 
in the light of experience, seem to be desirable for use in ordinary 
building and bridge construction. In addition to the safe loads, 
they give moments of inertia and radii of gyration about both 
axes of symmetry, areas of sections, and weights in pounds per foot 
without allowance for rivet heads or other details. 

These tables have been computed for the least radius of gyration 
in accordance with the formula given in the construction specifica- 
tions. The values may be adjusted to other formulas or to different 
values of the ratio of slenderness by use of the comparative table on 
page 288. This table is also suitable for use in figuring columns 
so braced against flexure, that their safe strength may be computed 
for the greater radius of gyration. 



COLUMN SAFE LOADS 


Combined Bendingr and Compreaaion StresBea. It is assumed in the 
tables that the loads are direct and equally distributed over the 
cross section of the column or balanced on opposite sides thereof. 

In the case of beams carried on brackets or other forms of eccentric 
loading, bending stresses are produced which should be taken into i 
I consideration and the column sections so proportioned that the 
I combined fiber stresses do not exceed the allowable axial compres- 
;sivc stresses. There is no direct simple solution of this problem; 
!the following trial method is suited to the tables: — 

Lot ’ i 

W == Direct load in pounds. 

Wi— Kccentric load in pound.s. 

M = Bonding moment due to eccentric load in inch 

pounds ~ WiX i 

I = Moment of inertia of column in direction of i 
bending. i 

n = Extreme fiber distance in direction of bending. 

A =Area of column section, in square inches, 
f = Allowable axial unit compression in pounds 
I per square inch; then f should be equal to or greater 
I ^ the fiber stresses due to comi)res8ion and j 

! bending respectively. 

I Rule: — A ssume a section in excess of that required for the 
; direct compression W + Wi and compute the combined fiber stress. 

I If it works out too large or too small, try again. . 



i Example; — Required to select a plate and angle column 20 feet long to 
sustain a balanced load of 210,000 pounds and an eccentric load of 40,000 
pounds applied 15 Inches from the column center on axis 1-1. 

Assume a section made up of 14"x%" web plate, four angles 0"x4"xVio'' and 
two flange plates 14"x%", page 307. 

A = 32.47, Ii-i~13.'51, ra-a — 3.09, ratio of slendenio.ss = 20xl2 3.09— 77. 

Allowable fiber stre.s.s, 19 . 000 — 100 l/r 11,300 pounds per square Inch, 
page 28H. 

Actual nbor 40.000 + 40 . 000 x^^xJ , 025 ^^^ 

11,090 pounds per square inch. 


287 



CARNEQIE STEEL COMPANY 

COMPARISON OF COMPRESSION FORMULAS 

Allowable Unit Stresses in Pounds per Square Inch 


-L 

r 

A. B. Co. 

A. K. E. Aas’n 
Chicago 

Gordon 

New York 

15200-58-!- 

r 

Philadelphia 

1625U 

1 

Boston j 

See 

Construction 

Specifications 

16000-70-1- 

r 

14000 max. 

12.500 

l6ono i 

, , 1~ 


la 1 

* ' 36000 r-’ 

1 1 

^ ' 11000 ra 

^ ■^ 20000r2 j 

0 

13000 

14000 

12500 

15200 

" 10250 

16000 j 

r> 

13000 

14000 

12490 

14910 

10215 

15980 ! 

10 

13000 

14000 

12400 

14620 

16100 

15920 ! 

15 

13000 

14000 

12420 

14330 

1.5925 

15820 

20 

13000 

14000 

12365 

14040 

1.5680 

1.5690 

25 

13000 

14000 

12285 

13750 

15375 

15516 ; 

30 

13000 

13900 

12195 

13460 

15020 

15310 ! 

35 

13000 

.13550 

12090 

13170 

14620 

1.5076 

40 

13000 

13200 

11970 

12880 

14185 

14815 ! 

45 

13000 

12850 

11835 

12.590 

13725 

14530 ! 

60 

13000 

12500 

11090 

12300 

13240 

14220 

65 

13000 

12150 

11530 

12010 

12745 

13900 1 

00 

13000 

11800 

11365 

11720 

12240 

13500 i 

66 

12500 

1 1450 

11185 

114.30 

11740 

13210 ! 

i 70 

12000 

11100 

11000 

11140 

11240 

12850 i 

t 75 

1 1500 

10750 

10810 

108.50 

10750 

12490 j 

80 

11000 

10400 

10615 

10560 

10275 

12120 1 

i 85 

10500 

10050 

10410 

10270 

9810 

11755 i 

i 90 

10000 

9700 

10205 

9980 

9300 

11390 ! 

95 

9500 

9350 

9995 

9690 

8930 

11025 

I 100 

9000 

9000 

9786 

9400 

8510 

10670 

i 105 

8500 

8C»50 

9570 

9110 

8115 

10315 

; 110 

8000 

8300 

9355 

8820 

7740 

9970 

115 

7500 

7950 

9140 

8530 

7380 

9630 

120 

7000 

7600 

8930 

8240 

7035 

9300 

125 

0750 

7250 

8715 


6715 


130 

0500 

6900 

8510 


6405 


135 

0250 

0550 

8300 


0115 


140 

0000 

6200 

8095 


58'10 


145 

5750 

5850 

7890 




150 

5500 

5500 

7690 




155 

5250 


7495 




160 

5000 


7305 




105 

4750 


7120 




170 

4500 


6935 




175 

! 4250 


6765 




180 

i 4000 


6580 




1S5 

3750 


6410 




190 

3500 


6240 




195 

3250 


6080 




200 

1 3000 


5920 


1 



Name of Formula 

Abbreviation 

Maximum Ratio of 1/r 

Main Members 

Bracing Struts 

American Bridge Company 

A. B. 

120 

200 

American Railway Engineering Ass’n 

A. R. E. 

100 

120 

Chicago Building IjSW 

C. 

120 

160 

Gordon 

G. 



New York Building Law 

N. Y. 

120 


Philadelphia Building Law 

P. 

140 

. . 

Boston Building Law 

B. 

120 




COMPARATIVE DIAGRAM OF COMPRESSION FORMULAS 


COLUMN SAFE LOADS 



CARNEGIE STEEL COMPANY 



BEAM COLUMNS 

Safe Loads in Thousands of Pounds j 

Allowable Fiber Stress per square Inch, 13,000 pounds I 
for lengths of 00 radii or under, reduced for lengths over 00 j 
radii; see ( -onstruetlon Spwiflcations. 

Weights do not include dotaiis. | 

Depth and Weight of Sections | 


Effective 

II Beams 

1 I Beams i 















in Feet 

8 in. 

6 in. 

5 in. 

4 in. 

1 15 in. 

12 in. 

10 in. 

9 in. 

8 in. 

7 in. 

6 in. 

5 in. 

4 in. 


34 

23.8 

18.7 

13.6 

42 

3114 

25 

21 

18 

■15 

1234 


7J4 


lbs. 

lbs. 

lbs. 

lbs. 

; 11)8. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

2 

130.0 

91.0 

71.5 

52.0 

1 162.2 

120.4 

95.8 

82.0 

69.3 

57.6 

46.9 

37.3 

28.7 

3 

130.0 

91.0 

71.5 

52.0 

; 102.2 

120.4 

95.8 

82.0 

69.3 

57.5 

46.9 

37.3 

28.5 

4 

,130.0 

91.0 

71.5 

.52.0 

102.2 

120.4 

95.8 

82.0 

69.3 

.56.8 

44.5 

33.3 

24.0 

5 

130.0 

91.0 

71.5 

50.7 

102.2 

120.4 

94.4 

77.8 

63.2 

50.0 

38.5 

28.0 

19.5 

6 

130.0 

91.0 

71.5 

45.7 

153.9 

109.9 

85.3 

69.4 

55.6 

43.2 

32.5 

22.7 

15.2 

7 

130.0 

91.0 

00.0 

40.6 

140.1 

98.9 

76.2 

61.0 

48.0 

36.4 

26.5 

IS.S 

13.0 

8 

130.0 

80.7 

60.5 

35.6 

120.2 

87.9 

67.1 

52.6 

40.4 

30.3 

22.9 

16.1 

10.8 

0 

130.0 

80.9 

55.0 

30.5 

112.3 

76.9 

58.0 

44.2 

35.0 

26.9 

19.9 

13.5 

8.5 

10 

125.8 

75.1 

49.5 

20.7 

98.5 

65.9 

50.2 

40.0 

31.2 

23.5 

16.8 

10.8 


11 

119.4 

69.3 

44.0 

24.2 

86.0 

59.9 

45.7 

35.8 

27.4 

20.1 

13.8 



12 

113.0 

63.5 

38.5 

21.7 

79.0 

64.4 

41.1 

31.5 

23.6 

16.7 

10.8 



13 

106.6 

57.7 

35.8 

19.2 

72.1 

48.9 

36.5 

27.3 

19.8 

13.3 




14 

100.2 

51.9 

33.0 

10.0 

65.2 

43.4 

32.0 

23.1 

16.0 





15 

93.8 

47.0 

30.3 

14.1 

68.2 

37.9 

27.4 

18.9 






16 

87.3 

44.7 

27.5 


51.3 

32.4 

22.9 







17 

sas 

41.8 

24.8 


44.4 

26.9 








18 

74.5 

38.9 

22.0 


37.4 









19 

09.0 

3(5.0 

19.3 











20 

65.8 

33.1 

10.5 










I 

21 

62.6 

30.2 











j 

22 

59.4 

27.3 












23 

50.2 

24.4 












24 

53.0 

21.5 












25 

49.8 












1 

26 

46.6 













27 

43.4 













28 

40.2 













29 

37.0 













30 

33.7 













31 

30.6 













Area,in.^ 

10.00 

7.00 

6,50 

4.00 

12.48 

9.26 

7.37 

6.31 

5.33 

4.42 

3.61 



Ii-i,in.* 

115.4 

45.1 

23.8 

10,7 

441.8 

215.8 

122.1 

I4.9 

56.9 

36.2 

21.8 

12.1 

1 ^ 

ri-v in. 

3.40 

2.54 

2.08 

1.63 

5.95 

4.83 

4.07 

3.67 

3.27 

2.86 

2.46 

2.05 

1.64 

I 2 - 2 , in.* 

35.1 

14.7 

7.9 

3.6 

14.6 

9.5 

6.9 

6.2 

3.8 

2.7 

1.9 

1.2 

0.77 

r 2 - 2 , in. 

1.87 

1.45 

1.20 

0.05 

1.08 

1.01 

0.97 

0.90 

0.84 

0.78 

0.72 

0.65 

0.59 

Weight, 
Lbs. per 

34 

23.8 

18.7 

13.6 

42 

31H 

25 

21 

18 

15 

12J4 

9J4 


Foot 















Safe load values above upper xigaag line are for ratios of 1/r not over 60, those between the ligsag 
lii^ are for ratios up to 120 1/r and uioae below lower ligsag line are for ratios nut over 2U0 1/r. 
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10 INCH CHANNEL COLUMNS 1 

! 

I 

Safe Loads in Thousands of Pounds 

Allowable Fiber Stress per square Inch, 13,000 
pounds for leuRths of 00 raclii or under, reduced for 
leugtlis over GO radii; see Construction Specifications. 

Weights do not include rivet heads or other i 
details. i 



Safe load values above upper zigzag line are for ratios of 1/r not over 60, those between the zigzag 
lues are for ratios up to 120 l/r, and th(^ below lower zigzag line are for ratios not over 200 1/r. 
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CARNEQIB STBEL COMPANY 






1 

SV^i 

1 

j-- 

"r 

1 

,/y 

1 


ki 


1 

2 



10 INCH CHANNEL COLUMNS— Continued ! 

Safe Loads in Thousands of Pounds | 

Allowable Fiber Stress per square inch, 13,000 
pounds for Icngtlis of 00 radii or under, reduced for ; 
lengtiis over CO radii; see (Construction Specif legations. 

Weights do not Include rivet heads or other 
details. 


1 

2-10 in. Channels 
Latticed 



2-10 in. 

Channels, 2-14 in 

. Plates 



1 

il 

b. Cibannelfi, 
ngle Lattice 

Ib. Channels, 
ngle Lattice 

lb. Channels, 
ngle Lattice 

;b. Channels, 

8 in. Plates 

lb. Channels, 

0 in. Plates 

lb. Channels, 

'2 in. Plates 

lb. Channels, 

«) in. Plates 

SI 

|l 

JS 

lb. (Thannels, 
0 in. Plates 

lb. Channels, 
's in. Plates 

lb. Channels, 
io in. Plates 

lb. Channels, 
4 in. Plates 

S 








<M ' 



O 




eS 

11 

116 

153 

191 

220 

252 

275 

298 

312 

335 


380 

306 

419 

441 

464 

12 

116 

153 

101 

220 

252 

275 

298 

312 

335 

358 

380 

396 

419 

441 

464 

13 

116 

153 

101 

220 

252 

275 

208 

312 

335 

358 

380 

396 

419 

441 

464 

14 

116 

153 

101 

220 

262 

275 

208 

312 

335 

358 

380 

306 

419 

441 

464 

15 

110 

153 

101 

220 

252 

275 

208 

312 

335 

358 

380 

396 

419 

441 

464 

16 

116 

153 

101 

229 

252 

275 

208 

312 

335 

358 

380 

396 

419 

441 

464 

17 

116 

153 

101 

220 

252 

275 

298 

312 

335 

358 

380 

306 

419 

441 

464 

18 

116 

153 

189 

224 

252 

275 

208 

312 

335 

358 

380 

396 

419 

441 

404 

19 

116 

150 

184 

218 

252 

276 

298 

312 

335 

358 

380 

396 

419 

441 

464 

20 

114 

146 

179 

211 

252 

275 

208 

312 

335 

358 

380 

396 

419 

441 

464 

21 

111 

142 

174 

205 

252 

275 

298 

312 

335 

358 

380 

390 

419 

441 

464 

22 

109 

139 

169 

199 

251 

273 

205 

308 

330 

352 

374 

.388 

410 

432 

453 

23 

106 

135 

164 

193 

246 

267 

280 

302 

323 

3A4 

365 

379 

401 

422 

443 

24 

103 

131 

150 

187 

241 

261 

282 

295 

316 

337 

357 

371 

302 

412 

433 

25 

100 

127 

154 

180 

235 

256 

276 

288 

308 

329 

.349 

36f^ 

382 

403 

423 

20 

98 

123 

149 

174 

230 

250 

270 

282 

301 

.321 

.341 

353 

373 

393 

412 

27 

95 

119 

144 

168 

225 

244 

263 

275 

204 

313 

332 

345 

304 

383 

402 

28 

92 

115 

139 

162 

219 

238 

257 

268 

287 

306 

324 

336 

355 

373 

392 

29 

89 

112 

134 

1.56 

214 

232 

2.50 

261 

279 

298 

316 

327 

346 

304 

382 

30 

87 

108 

129 

149 

200 

226 

244 

255 

272 

200 

308 

319 

336 

354 

372 

31 

84 

104 

124 

143 

203 

220 

23S 

248 

265 

282 

299 

310 

327 

344 

361 

32 

81 

100 

110 

137! 

198 

214 

231 

241 

258 

275 

201 

301 

318 

335 

325 

351 

33 

78 

96 

114 

131 

1193 

200 

225 

235 

251 

267 

283 

293 

309 

341 

34 

75 

92 

109 

125 

187 

203 

219 

228 

243 

259 

274 

284 

300 

315 

331 

35 

73 

88 

104 

121 1 182 

107 

212 

221 

230 

251 

266 

275 

291 

306 

320 


; 8.92 

11.76 

M.70! 17.64 

1 19.42 

21.17 

2^92 

24.01 

125.76 

27.51 

29.26 

30.45 

32.20 

) 33.95 

35.70 

Ii.i, in.-t 

J 134 

1 LIS 

182 

207 

J 416 

1 468 

520 

401 

544 

597 

652 

622 

676 


7W 

ri-i,in 

3.87 


3.52 

3,42 

: 4.63 


4.76 

4.52 

4.50 

4.66 

4.72 

4.52 

4.58 

4.64 

4.70 



241 

284 

323 

li 369 

1 398 

426 

442 

470 

499 

527 

641 

mm 

598 

627 

ra-a>in. 

[4.70 

4.M 

>■39 

4^28 


|4.,33 

4.31 

4.29 

4^7 

4.26 

1 

4^ 

4.2^ 

4.21 

B 

4.19 

Weight, 
Lbi. per 

39.3 

49.4 

59.4 

69.4 

I W.7 

71.7 

77.8 

I 81.7 

87.6 

03.6 

99.5 

103.6 

109.S 

115.5 

i! 12L4 

Foot 





1! 














, , Safe load values above upper sigaag lino are for ratios of 1/r not over 61), those betwwn tlw sigzag j 
lioii are for ratios up to 120 1/r, and those below lower zigzag line are for ratios not over 200 1/r* j 



COLUMNS 


10 INCH CHANNEL COLUMNS— Continued j 

Safe Loads in Thousands of Pounds ! 

j 

Allowable Pil>er Stress per square inch, 13,000 i 

} )ounds for lengths of (iO radii or under, reduced for i 
engtlis over 00 ra«iii ; see Construction Specifleations. i 

Weights do not include rivet heads or other i 
details. 


1 

a 



■ 

2- 

0 in. C 

^hunneh 

, 2-14 in. Plates 




XI 

1 

.fe 

|J 

is 

1 Q.a 

Is 

la 

Channels, 
n. Plates 

Channels, 
in. Plates 

i .3“ 

i| 

Channels, 
in. Plates. 

§3 


Channels, 
n. Plates 

Channels, 
in. Plates 

35 lb. Channels, 
1V4 in- Plates 

1 

o| 

CO 

rO^ 

o2" 

eo ^ 

o‘-‘' 

w 

£ .S 

:2-9 

CO 

xi » 

£•9 

is 

CO 


n 

480 

502 

525 

548 

571 

593 

609 

632 

654 

677 

700 

723 

12 

480 

502 

525 

548 

571 

59.3 

609 

632 

654 

077 

700 

723 

13 

480 

502 

525 

.548 

571 

593 

600 

632 

654 

677 

700 

723 

14 

480 

502 

525 

548 

571 

693 

600 

632 

654 

677 

700 

723 

15 

480 

502 

525 

548 

571 

593 

609 

632 

654 

077 

700 

723 

16 

480 

502 

525 

548 

571 

593 

609 

632 

654 

677 

700 

723 

17 

480 

602 

525 

548 

671 

593 

609 

632 

654 

677 

700 

723 

18 

480 

602 

625 

548 

671 

503 

609 

632 

654 

677 

700 

723 

19 

480 

502 

525 

648 

571 

593 

609 

032 

654 

677 

700 

723 

20 

480 

502 

525 

648 

571 

593 

609 

632 

654 

677 

700 

723 

21 

477 

600 

622 

644 

567 

589 

602 

624 

047 

669 

691 

714 

22 

467 

488 

610 

532 

654 

575 

588 

010 

032 

654 

676 

697 

23 

456 

477 

499 

520 

641 

562 

575 

596 

017 

639 

660 

681 

24 

446 

466 

487 

508 

529 

549 

561 

582 

*603 

624 

644 

665 

25 

435 

^5 

475 

495 

516 

536 

647 

568 

588 

608 

628 

648 

26 

424 

444 

464 

483 

603 

522 

633 

553 

573 

593 

612 

632 

27 

414 

432 

452 

471 

490 

609 

620 

539 

559 

578 

596 

616 

28 

403 

421 

440 

459 

478 

496 

506 

525 

544 

563 

581 

599 

29 

392 

410 

429 

446 

465 

483 

492 

511 

529 

547 

565 

583 

30 

382 

399 

417 

434 

452 

469 

479 

496 

514 

532 

649 

567 

31 

371 

388 

405 

422 

440 

4.56 

465 

482 

500 

617 

633 

550 

32 

360 

377 

394 

410 

427 

443 

451 

468 

485 

502 

517 

534 

33 

350 

305 

382 

398 

414 

430 

437 

454 

470 

487 

602 

518 

34 

339 

354 

370 

385 

401 

416 

424 

440 

455 

471 

486 

502 

35 

328 

343 

359 

373 

389 

403 

410 

425 

441 

456 

470 

485 

irea,in.si 

36.89 

38.64 ! 

40.39 

72.14 

43.S9 1 

45.64 ; 

46.83 

48.58 i 

60.33 

52.08 

53.83 

55.58 

Ii-i.in.^ 

"”757 

814 

873 

932 

994 

1056 

1018 

1080 

1144 

1209 

1275 

1343^ 

ri-i.in. 

4.53 

4.59 

4.65 

4.70 

4.76 

4.81 

4.66 

4.72 

4.77 

4.82 

4.87 

4.92 

Ii'.a,in.* 

6.37 

666 

605 

723 

752 

780 

788 

816 

845 

874 

902 

931 

r2.2.in^ 

4.16 

J.15 

4.15 

4.14 

4J£ 

4.13 

4.10 

4.10 

410. 

4.10 

4.09 

4.09 

Weight, 













lbs. per 
, Foot 

125.5 

131.4 

137.4 

143.3 

149.3 

155.2 

159.3 

165.2 

171.2 

177.1 

183.1 

189.0 


B^e load values above heavy line are for ratios of I/r not over 60, those below heavy line are 
for ratios not over 120 l/r. 
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CARNBQIB STEBL COMPANY 


12 INCH CHANNEL COLUMNS— Continued 

Safe Loads in Thousands of Pounds 

Allowable Fiber Stress per square Inch, 13,000 
pounds for lengths of 00 radii or under, reduced for 
lengths over 00 radii; see C^onstruetlon SpociAcations. 

Weights do nut include rivet heads or other 
details. 
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12 INCH CHANNEL COLUMNS— Continued I 
Safe Loads in Thousands of Pounds I 

j 

Allowable FIl>cr Stress per square Inch, 13,000 I 

f )oimds for lengths of 60 radii or under, reduced for ’ 
engths over 60 radii, see Construction Specitlcations. ! 

Weights do not include rivet ' heads or other ! 
details. 1 
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12 INCH CHANNEL COLUMNS— Continued ! 

Safe TjOads in Thousands of Pounds 

Allowable Fiber Stress per square Inch, 13,000 
pounds for lengths of (50 radii or under, reduced for 
lengths over 60 radii ; see Construction Specifications. 

Weights do not include rivet heads or other 
details. 
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12INCH CHANNEL COLUMNS— Continued 

Safe Loads in Thousands of Pounds 


Allowable Fiber Stress per square inch, 13,000 

{ )ound8 for lengths of 60 radii or under, reduced for 
engths over 60 radii; sec Construction Spociflcutlons. 

Weights do not include rivet heads or other 
tletails. 
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15 INCH CHANNEL COLUMNS— Continued 

Safe Loads in Thousands of Pounds 

Allowable Fiber Stress per square Inch, 13,000 

f )ounds for lengths of «0 radii or under, reduced for 
ongtlis over CO radii; see Construction Spoclflcatlons. 

Weights do not include rivet heads or other 
(iotalls. 
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35 

i 
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541 

560 
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025 

645 
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725 

745 

Ires, Ina jj 

49.52 

61.52 

63.52j 65.52 

57.52 

69.52 

6048 

62.48 

64.48 

6G.48| 

68.48 

70.48 

72.48 

74.48 


2m 

2461 

2602 

2746 

2^1 


2M6 

3094 

3244 

3306 

3560 

~3707 

3865 

~4m 

rx-i,ia. 

6.85 

6.91 

6.97 

7.03 

7.09 

7.15 

6.98 

7.04 

7.09 

7.15 

7.20 

7.25 

7.30 

7.35 

1 2-3, in.* 

1106 

1149 

1192 

1234 

1277 

1320 

1322 

1365 

1408 

14.50 

1493 

1536 

1578 

1621 

ra-3,in. 1 

4.73 

4.72 

4.72 

4.71 

_4.71 

4.71 

4.68 

4.67 

4.67 

4.67 

4.67 

4.67 

J.-®? 

4.67 

height, 















Lbs. par 

168.4 

175.2 

182.0 

188.8 

195.6 

202.4 

205.6 

212.4 

219.2 

226.0| 

232.8 

239.6 

246.4 

253.2 


S^e load values above heavy line are foi ratios of I/r not over 60, those below heavy line are 
for ratios not over 120 1/r. 







CARNBQIB STBEL COMPANY 






^ 

f 

=13 1 


— 

j. 

i i \ 



k 


15 INCH CHANNEL COLUMNS— Continued 

Safe Loads in Thousands op Pounds 

Allowable Fiber Stress per square inch, 13,000 
pounds for lengths of 00 radii or under, reduced for 
lengths over 60 radii; see Construction Specifications. 

Weights do not Include rivet heads or other ! 
details. ! 
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821 

20 
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460 

484 

612 
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649 
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605 

660 

6()8 

696 

723 

751 
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807 
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449 

476 

603 

630 

540 

567 

694 

621 

649 

657 

684 

711 

738 

706 

793 

31 

414 
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441 

468 
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.521 
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32 
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459 
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512 

521 
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.599 
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393 

418 
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Area, in.^ 

33.30 

35.55 

37.80 

40.0542.30 

43.08 

45.33 

47.68 

49.83 

52.08 

52.77 

55.02 

57.27 


61.7^ 

1 


Im 



1852 1999 


2m 

2316 

2m 



2682 

^1 

3 ^ 
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3332 


6.54 

6.63 

6.72 

6.80 

6.87 

6.84 

6.91 

6.98 

7.04 

7.10 

6.92 

6.98 

7.04 

7.10 
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7.21 
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1060 
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1251 1312 

1332 

1393 

1453 

1514 

1676 
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1710 

1771 

1832 

1892 
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5.67 

_6.M 

5.61 

6.59 6.67 

1*® 

6.54 

5.63 

6.61 

5.50 

6.49 

5.48 

6.46 

6.45 

5.45 

6.44 

▼eight, 
Lbs. per 

111.9 

119.6 

127.2 

134.9 142.5 

146.5 

154.2 

161.8 

169.5 

177.1 

179.6 

187.1 

194.8 

202.4 

210.1 

217.7 

Foot 
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,l|^e load values above sigzag line are for ratios of 1/r not over 60, those below sigsag line are for 
ratil^ aot over 120 i/r. 
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15 INCH CHANNEL COLUMNS— Continued | 

Safe Loads in Thousands of Pounds ! 

Allowable Fiber Stress per square Inch, 13,000 '• 

{ )ounds for lengths of 60 radii or under, reduced for ! 
enfsths over 60 ra<lil; see Construction Specifications. ; 

Weights do not include rivet lieads or other ' 
details. 



2-15 in. Channels, 2-18 in. Plates 
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1 Area,in.i!j 

M.73 

66.981 

69.23| 

71.48 

73.73 

75.98 

78.23 

W.'48 

’mJ3 

84.98| 87.23 
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i Ii-i,in.4 

3221 
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4619 
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7.47 
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7.61 
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7.79 

1 

1903 

1964 

2025 

2086 

2146 

2207 

2268 

2328 

2388 

2450 

2511 

2672 

2603 

2815 
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5.42 

5.42 

5.41 

5.40 

5.40 

5.39 

5.38 

5.38 

5.37 

5.37 

6.37 

5.36 

5.35 
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1 
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1 Lha per 

1 Foot I 

220.1 

227.7 

23S.4j 

243.(^ 

250.0 

258.3 

1 

266.0 

273.8 

281.3 

288.0 

206.6 

304.2| 310.5^ 

334.8 


Safe load values above sigsag line are for ratios of 1/r not over 60, those below ligaag line are for 
raUos not over 120 l/r. 
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15 INCH CHANNEL COLUMNS— Concluded 

Safe Loads in Thousands op Pounds 

Allowable Fiber Stress per square inch, 13,000 
pounds for lengths of 00 radii or under, reduced for 
lengths over 00radii;sec Construction Speciflcatlons. 

Weights do not Include rivet heads or other 
details. 
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,! 1340 UOsI 1485|| 1547 101 
li 1.340 140S 14S5 1547 161 
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1.340 1408 1485 1547 161 
1.340 1408 1485 1.547 161 
1340 1408; 1485 1547 161 
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1872 

10.37 

2002 

2067 

2132 

1807 

1872 

1 0.37 

2002 

2067 

2132 

1807 

1872 

10.37 

2002 

2067 

2132 

1807 

1872 

10.37 

2002 

20r>7 

2132 

1807 

1872 

1037 

2002 

2067 

2132 

1807 

1872 

1037 

2002 

2067 

2132 

1807 

1872 

1037 

2002 

2067 

2132 i 

1807 

1872 
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2002 
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2132 i 

1807 
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2002 
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2067 
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2067 
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1991 

2054 
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1770 

1834 

1896 
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2022 

2085 

1742 

1805 

1806 

1929 

1989 

2052 

1714 

1776 

1836 

1897 

1957 
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1686 

1747 

1806 

1860 

1925 

1985 

1658 

1718 

1775 

1835 

1893 

1952 

138.98 

143.98 

148.98 

163.98 

158.98 

163.98 

8^ 

8^ 

9251 

9770 

10301 

10846 

7.70 

7.79 

7.88 

7.97 

8.05 

8.13 

4907 

5073 

5240 
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5573 

5740 

5.94 

6.94 

6.93^ 

6.93 

6.92 

6.92 

472.5 

489.5 

606.5 

523.5 

540.5 

657.6 j 


Safe load values above aigaag line are for ratios of i/r not over 60, those below aigaag line are 
for rsHios not over 120 1/r. 
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+ g’i + -« 


PLATE AND ANGLE COLUMNS j 

Safe Loads in Thousands of Pounds 

Allowable Fiber Stress per square Inch, 13,000 ’ 

{ )ounds lor lengths of 60 radii or under, reduced for j 
engtbs over 00 radii ; see Construction Spoclflcations, ; 

Weights do not: Include rivet heads or other ’ 
details. 


Web Plate 6 x ^4 


Web Plate 8 x % 


Web Plate 8 x ')in 
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59 

70 

72 

83 

94 

22 






30 

38 

39 

47 

5.5 

66 

68 

78 

89 

23 






27 

34 

35 

42 

61 

61 

63 

73 

83 

24 






23 

30 

31 

38 

48 

67 

59 

68 

78 

25 









34 

44 

63 

54 

63 

72 

26 










40 

48 

49 

58 

67 

27 










36 

44 

46 

53 

62 

28 











39 

40 

48 

56 

29 














51 

30 














irea,in.a 

6.74 

6.2G 

6.74 1 

7.24 

8.48 

Ttq 

9.12 

9.62 

10.94 

10.86 

1 I 42 

12.92 

14.48 

a 

s 

1 1 - 1 , in.* 

34.3 

301 

42.6 

81.2 

96.9 

90.1 

107 

no 

127 

122 

141 

143 

161 

178 

ri-i.in. 

2.46 

2.50 

2.51 

3.35 

3.38 

3.41 

3.43 

3.38 

3.40 

3.35 

3.36 

3.33 

3.34 

8.33 

l2-3» iJt* 

6.2 

10.3 

10.3 

10.3 

12.9 

16.0 

20.2 

20.7 

24.9 

30.3 

36.3 

37.2 

43.5 

50.2 

rj-a, in. 

1.04 

1.28 

1.24 

1.19 

1.23 

1.44 

1.49 

1.47 

1.51 

1.67 

1.71 

1.70 

1.73 

1.77 

Weight, 
Lbaper 
?»t 1 

19.6 

21.5 

23.1 

24.8 

29.2 

26.4 

31.2 

32.9 

37,3 

37.3 

42.5 

44.2 

49.4 

64.6 


Web Plate Sx% I 


Safe load values above and to right of upper sigsag line are for ratios of I/r not over 60. those 
the aigiag lines are for ratios up to 120 1/r, aiu those below lower sigsag line are for ratios not 
over 200 i/r. 
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PLATE AND ANGLE COLUMNS— Continued 


Safe Loads in Thousands op Pounds 

Allowable Fiber Stress per square inch, 13,000 

{ )ound8 for Icngtlis of 00 radii or under, reduced for 
ehgths over 00 radii ; see Construction Specifications. 

Weights do not include rivet heads or other 
details. 


Web Plate li Web Plate 
10 xH lOx^',0 


Web Plato 10 x ^ 


Web Plate IWebPl. 
10 X Va lOx^s 


1 

ri\ 



« 

V* 

H 




H 


% 

% 

eo 

M 



n 


■«< 

S 

8 

M 

8 

8 

1 

1 

1 

< 

1 







8 I 8 8 

III I 


00|l0712rv 133 149 170 178 19S 207 232 236' 2(50 290 j 312 341 370 
9111071123 1^149 170 17» 198 207 232 236 20(5 29(5 312 341 370 

82;10(jTTil 149 170 1781 1981207 232 236 200 290 i 312 341 370 

74 93111 1171142 104 170^192 207 232 236 200 29(5 312 341 370 

Oq 80103 108 133 154 16(3 18ll207 232 236 200 290 312 341 370 


581 79 95 
^ 71 87 
48 64 79 
44'^| 71 
40 54 65 ■ 

30 50 61 
32 47 57 
28 43 53 
24 40 49 
36 45 


99 125 145 
91 110 135 
82 108 126 
73 99 117 
08| 91 107 

04 82 98 
60r77 90 ■ 
55 73 85 
51 69 81 
47 64 76 

42 60 71 
38 56 07 
34 51 62 
47 57 
43 52 


150 170 203 23(3236 260 290 312 341 370 386 

140 160 194 22d 230 266 290 312 341 370 386 

130 149 185 210i235i 2(5(5 296 SAl. 370 386 
121 138 175 200 2201 257 288 302 333 363 378 

111 127 106 190 218 248 278 291 321 350| 365 

101 116 157 18o!209 2381207 280 309 337 351 
"93 106 148 170201 229 257 269 297 325 338 

88 101 139 160 192 220 247 258 285 312 325 

83 95 130 150 184 210 237 247 274 299 312 

78 90 121 140 175 201 226 230 262 287 298 


84 1 lia 130 1 167 191 216 
79 107 123 158 182 206 
74 103 118 160 172 195 
68 9q 113 141 163 185 
63 9^108 132 154 175 

57 8010311^144 164 


52 84 98 121 139 157 

47 80 93 117 134 152 

75 88 113 130 140 

71 83 109 126 141 


J| 9.6211 10.251 11.49 laOS! 13.67| 15.231 15.95 17.87^ 18.19 20.47^ 22.75 24. 


1274 285 
<261 272 
1249 258 
1230 245 
1223 232 

11210 218 


I 198 207 
5 192 200 
) 186 193 
1179 187 


! Ii.i,iiL4 134 145 176 181 201 232 237 267 279 315 319 361 401 412 451 489 

I r 1 . 1 4n.- 4.16 4.25 4.25 4.20 4.18 4.22 4.17 419 4.18 4.20 4.19 420 4.20 4.14 415 4.15 

! I3.a,ia.4 10.3 16.M 20.2 20.7 80.3 36.8 37.2 43.5 70.6 82.3 119 139 160 165 186 206 

! rs.s 1-15 139 1.45 1.42 1.62 1.67 1.65 1.69 2.10 2.15 2.56 2.61 2.65 2.62 2.66 2.69 


; r8-».to. 1.15 13fl 1.45 1.42 l.( 

i '26.6 28.1 32.J 35.0 39 

Foot I 1 1 i 


35.0 39.4 44.6 46.8 52.0 54.4 


70.0 77.6 81.8 89.4 97.0 


Bafe 4oad values above and to right of upper xigaas line are for ratios of 1/r not over 60, those 
ma the ligsag an for ratios up to 120 1/r, and those below lower ligsag line arefor latioe 


! between the ligsag 
sot ^er 200 1/r. 
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PI.ATE AND ANGLE COLUMNS— Continued I 

Safe Loads in Thousands of Pounds 

Allowable Fiber Stress per square inch, 13,000 i 
pounds for lengths of 60 radii or under, reduced for ■ 
lengths over 60 radii ; see Construction Specifications. ! 

Weights do not include rivet heads or other i 
details. 



, Saf® load values above and to right of upper ligiag line are for ratios of I/r not over 60, those 
' lines are for ratios up to 120 f/r, and those below loww ligug line are for ratios not 

; ovsr2001/r. 
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CARNEQIE STEEL COMPANY 



* ^ PLATE AND ANGLE COLUMNS— Continued 1 


Safe Loads in Thousands of Pounds i 

+ ! 1 

1 


Allowable Fiber Stress per square Inch, 13,000 1 

01 • r 

\ pounds for lengths of 60 radii or under, reduced for j 

lengths over 60 radii ; see Construction Speciflcutlons. \ 

1 

r^. * Weights do not Include rivet heads or other | 

2 details. ! 



383 428 458 487 507 553 582 CIO 630 075 721 766 

383 428 458 487 607 553 582 010 630 675 721 766 

383 428 458 487 507 653 582 610 630 675 721 766 

383 428 458 487 507 653 582 CIO 630 675 721 766 

383 428 458 487 507 653 682 610 630 676 721 766 

■379" 428 458 487 | 506 | 653 682 610 630 676 721 766 
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PLATE AND ANGLE COLUMNS— Continued 

Safe Loads in Thousands of Pounds 

Allo>vable Fiber Stress per square inch, 13,000 
pounds for lengths of 00 radii or under, reduced for 
lengths over 60 radii ; see Construction Specifleations. 

Weights do not include rivet heads or other 
details. 



Safe load values above and to right of upper ligxag line are for ratios of 1/r not over 60, those 
between sigiag lines are for ratios up to 120 i/r, and those below lower sigaag ime are for ratios not 
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CARNEQIB STEEL COMPANY 


PLATE AND ANGLE COLUMNS— Continued : 
Safe Loads in Thousands of Pounds i 

■ Allowable Fiber Stress per square Inch, 13,000 

i )ounds for lengths of GO radii or under, reduced for 
engths over 60 radii ; see Construction Specifications. 

Weights do not Include rivet heads or other 
details. 


Web Plate Web Plate 

14x^8 I 14x}4 


WcbP;ate 14 


1-^ ^ ^ »OS 

Mcf! niSs M.H 


JB Jb Js 8« 

f I Jl p ^>1 

^(1, -^CL, -<P., 



ito* ^e* 


620 543 

620 543 
520 .543 
520 543 
520 543 

520 543 

507 533 

493 517 
478 602 

463 487 

448 472 
433 456 
418 441 

403 426 

388 410 

374 395 
359 380 
344 364 
329 349 
314 334 

299 318 
284 303 
275 290 
267 282 
200 275 


595 623 
595 623 
595 623 
595 623 
595 623 

595 623 
578 605 
561 687 
544 569 
627 661 

610 633 
493 615 
476 497 
459 479 
442 461 

424 443 
407 425 
390 407 
373 390 
366 372 

339 354 
322 336 I 
312 327 
304 318 
296 309 


646 691 

646 691 

646 691 

646 691 

646 691 

I 643 691 
624 676 
606 655 

587 635 

668 016 

649 690 
530 676 
611 6.56 

493 536 
474 617 

466 497 
436 477 
417 457 
399 438 
380 418 

361 398 

345 I 378 
336 365 
326 356 
317 346 


782 828 
782 828 
782 828 
782 828 

782 828 

782 828 
776 826 
754 803 
733 780 
711 768 

689 735 
668 713 
646 690 

625 667 
603 ^6 

581 622 

660 600 
638 677 

610 554 

495 632 

473 609 
452 487 

430 464 
415 444 

404 432 


873 919 : 

873 919 > 

873 919 
873 919 : 
873 919 

873 919 ; 

1 873 919 i 

852 901 ; 

829 870 ! 
805 861 j 

782 827 
758 802 
734 778 

711 763 

687 728 

664 704 ! 

640 679 i 
017 656 i 
593 630 

569 606 

646 681 

622 656 
499 632 

475 507 

461 "485" 



Safe load valuea above and to right of upper ligxag line are for ratios of I/r not over 60, those | 
between the ligsag lines are for ratios up to 120 Ijt, and those below lowersigaag line are for ratiot 
Dot^ovw 200 1/r. 




COLUMNS 



PLATE AND ANGLE COLUMNS— Continued i 

Safe Loads in Thousands of Pounds 

Allowable Fiber Stress per square Inch, 13,000 1 
pounds for lengths of 60 radii or under, reduced i^r f 
lengths over 60 radii ; see Construction Specifications. ; 

Weights do not Indudo rivet heads or other ' 
details. 


!. 


Web Plate 14x5 s' 


1 

u* 

.a 

1 

lO\ « 

•«*' H 

JS 

ll 

»0\\00 

<PL, 

Ml M 

M'^ 

<o 

J s 

-<(i. 

-i^eM 

4 Angles 6 x 4 x 

2 Plates 14 x IJi 

«\ 

M<N 

to 

Js 

M-g 

<;pL. 

•^csi 

% 

K 

KO 

to 

J 8 

«\ 

MCO 

to 

J 8 

ll 

•<P^ 

4 Angles 6 x 6 x 

2 Plates 16 X 2 

to H 

K«0 

Js 

n 

MO^ 

to M 

HtO 

to 

P 

<CLi 

to H 

M® 

8g 

Xx 

MM 

to M 

H® 

® 

Js 

ll 

'.<•04 

11 

904 

1010 

10.55 

1101 

1146 

1108 

12,50 

1.315 

1.307 

1419 

1471 

1523 

12 

904 

1010 

10,55 

1101 

1140 

1198 

12.50 

1315 

1367 

14 19 

1471 

1523 

13 

904 

1010 

1055 

1101 

1140 

1198 

12.50 

1315 

1367 

1410 

1471 

1523 

14 

964 

1010 

1055 

rioi 

1146 

1198 

12.50 

1315 

1367 

1419 

1471 

1623 

15 

064 

1010 

1063 

1101 

1146 

1198 

1260 

1315 

1307 

1419 

1471 

1.523 

16 

964 

1010 

10.5,5 

1101 

1146 

1198 

1260 

1315 

1367 

1410 

1471 

1623j 

17 

964 

1010 

1055 

1101 

1146 

1198 

1260 

1315 

1367 

1419 

1471 

1623 

18 

949 

"W 

1046 

1095 

1144 

1198 

1250 

1315 

1367 

1419 

1471 

1523 

19 

924 

971 

1018 

1067 

1114 

1198 

12.50 

1315 

1367 

1410 

1471 

1523 

20 

898 

945 

991 

1038 

1084 

1198 

12.50 

1308 

1364 

1419 

1471 

1523 

21 

872 

918 

903 

1010 

1055 

1174 

1229 

1277 

1.333 

1.388 

1443 

1497 

22 

847 

892 

935 

981 

1025 

1140 

1201 

1246 

1301 

1.356 

1409 

1463 

23 

821 

865 

908 

953 

996 

1119 

1172 

1216 

1209 

1323 

1375 

1428 

24 

796 

839 

880 

924 

966 

1091 

1144 

1185 

1237 

1290 

1342 

1393 I 

25 

770 

^2 

853 

895 

937 

1064 

1115 

1164 

1200 

1258 

1308 

1359 ; 

26 

744 

786 

825 

867 

907 

1030 

1087 

1123 

1174 

1225 

1274 

1324 1 

27 

719 

759 

797 

838 

877 

1009 

1058 

1093 

1142 

1102 

1241 

1289 ! 

28 

693 

732 

770 

810 

848 

981 

1030 

1062 

1111 

1100 

1207 

1254 1 

29 

668 

706 

742 

781 

818 

9.54 

1001 

1031 

1079 

1127 

1173 

1220 t 

30 

642 

679 

715 

753 

789 

926 

973 

1000 

1047 

1094 

1139 

1185 i 

31 

617 

653 

687 

724 

759 

899 

944 

970 

1015 

1062 

1106 

1150 

32 

591 

626 

659 

690 

730 

871 

916 

939 

984 

1029 

1072 

1115 

! 33 

565 

600 

632 

667 

700 

843 

887 

908 

962 

996 

1038 

1081 

1 34 

540 

573 

604 

639 

671 

816 

859 

877 

920 

064 

1005 

1046 

35 

51'/ 

546 

677 

610 

641 

788 

830 

847 

889 

931 

071 

1011 

Area,in,3 

74.19 

77.69 

81.19 

84.69 

88.19 

^£l? 

93.19 

101.19 

105.19 

109.19 

113.10 

Ti7A9 


3776 

4048 

4327 

4615 

4910 

5120 

5457 

5484 

6830 

0187 

6552 

6028 

ri.i.ln. 

7.13 

7.22 

7.30 

7.38 

7.46 

7.46 

7.63 

7.36 

7.44 

7.53 

7.61 

7.69 


809 

956 

1014 

1071 

1128 

1493 

1579 

1581 

1666 

1752 

1837 

1022 

r*, 2 ,in. 

3.48 

3.51 

3.53 

3.56 

_8.6^ 

4.02 

4.05 

3.95 

3.08 

4.01 

4.03 

4.05 

Lbs. per 

252.6 

264.5 

276.4 

288.3 

300.2 

313.8 

327.4 

344.2 

357.8 

371.4 

385.0 

398.6 

Foet 














I Safe load values above and to ri^ht of upper ligsag line are for ratioe of 1/r not over 60, those 
! between the ligsag lines ate for ratios up to 120 1/r and those below lower aigxag line are for ratios 

; not over 200 hr. 
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PLATE AND ANGLE COLUMNS— Concluded 

Safe Loads in Thousands op Pounds 

Allowable Fiber Stress per square Inch, 13,000 i 

i )ounds for lengtlis of 60 radii or under, re<luce<l for 
engths over 60 radii; see Construction Specifications. 

Weights do not Include rivet heads or other 
details. 


Two Web Plates 14 x 




1.592 16.57 1728 1787 1845 

1.592 1657 1728 1787 1845 
1592 1657 1728 1787 1845 
1592 1657 1728 1787 1845 
1592 1657 1728 1787 1845 

1592 1657 1728 1787 1845 

1.592 1657 1728 1787 1,845 
1592 16.57 1728 1787 1845 
1592 1657 1728 1787 1845 
1590 1 1657 1728 1787 1845 

1.553 1653 1728 1787 1845 
1516 1616 1728 1787 1845 
1479 1,580 1728 1787 184.5 
1443 1543 1695 1756 1818 
1406 1507 1661 1721 1781 

1369 1470 1626 1685 1744 
1332 1434 1592 1650 1708 
1205 1397 1557 1614 1671 
12.58 1360 1522 1578 16.35 
1222 1324 1488 1543 1598 

1185 1287 1453 1507 1561 
1148 1251 1419 1471 1,525 
1111 1214 1,384 14.36 1488 
1074 1177 1.349 1400 1451 
1038 1141 1315 1365 1415 


1904 1049 
loot 1949 
1904 1949 
1904 1949 
1904 1949 

1904 1 1949 
1904 1949 
1904 1949 
1904 1949 
1904 1949 

1904 1949 
1904 1949 
1004 1949 
1879 1918 
1842 1879 

1804 1841 
1766 1802 
1729 1763 
1691 1724 
1653 1686 

1616 1647 
1578 1608 
1.541 1.569 
1,503 1.530 
1465 1492 


7.87 7.54 7.54 7.62 7.70 7.78 


ra-j,ln, 3.09 4.18 4.61 4 63 4.65 4.67 4.64 5.1Q 5.12 _5J4 _^16 5.18. 

Weight, 

Lbs.p»r 416.4 433.6 452.3 467.6 482.9 468.2 510.1 530.5 547.5 564.5 58U 598A 

m L_ 

Safe load values above and to right of xigxag line are for ratios of i/r not over 60, those below 
sigssg line are for ratios not ovor 120 1/r* 


, ( 

Two Web Plates 14 x | 

bJwoo bJwoo 



« M MW MW 


MCO 

CO M CO M CO M 

CD H 

CO M 

X 

20 

X 

20 

X 

20 

MO 


QO 00 C30 

00 

00 

S s S 8 8 a 


s s 

S’! 

CfX, <50, 



■.*<w .cJfW ^W 

..Jtw 

•Cf W 

2027 2092 2157 

2222 

2287 

2027 2092 2157 

2222 

2287 

2027 2092 2157 

2222 

2287 

2027 2092 2157 

2222 

2287 

2027 2092 2157 

2222 

2287 

2027 2092 2157 

2222 

2287 

2027 2092 2157 

2222 

2287 

2027 2092 2157 

2222 

2287 

2027 2092 2157 

2222 

2287 

2027 2092 2157 

2222 

2287 

2027 2092 2157 

2222 

2287 

2027 2092 2167 

2222 

2287 

2027 2092 2157 

2222 

2287 

2027 2092 2J57 

2222 

2287 

2027 2092 Sft57 

2222 

2287 

2009 2077 2146 

2214 

2283 

1972 2039 2107 

2176 

2242 

1935 2002 2068 

2135 

2202 

1809 1964 2029 

2095 

2161 

1862 1926 1991 

2055 

2120 

1825 1889 1952 

2016 

2079 

1789 1851 1913 

1976 

2039 

1752 1813 1874 

1930 

1998 

1716 1775 1836 

1896 

1667 

1079 1738 1797 

1867 

1916 

155.94 160.94 16.5.94 

170.94 

175.64 

9248 9741 10248 

10767 

11208 

7.70 7.78 7.86 

7.94 

8.01 

4049 4216 4383 

4549 

4716 

5.10 5.12 6.14 

5.16 

5.18. 

530.6 547.5 564.5 

58U 

598A 
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COLUMN DETAILS 


TYPICAL COLUMN DETAILS 




Bearing on Masonry 


mill building column 


Simplicity in details is essential to I 
economical construction. To eliminate j 
bending or secondary stresses, it is j 
desirable in making designs and details i 
that loads be transmitted from beams, • 
girders and trusses to columns directly [ 
and with the minimum number of I 
connecting pieces, rivets, or bolts, and j 
that the rivets or bolts be stressed in | 
shear or bearing only. i 

The column connections shown on j 
this ijagc and the two pages which fol- | 
low represent the best modern practice | 
and conform to these fundamental j 
conditions and cover the range of i 
cases met with in ordinary mill and | 
office building construction. | 

Where columns rest on steel slabs ; 
or castings, the loads are transmitted ! 
dire(!tly into the footing, and shoe \ 
angles may be provided for proper j 
anchorage. Where they rest on i 
masonry, gusset plates may be re- f 
quired to distribute the load. | 

Columns should be milled to accu- i 
rate bearing at joints, with splice plates 
sufficient to hold the sections in’ line 
and to resist bending stresses. Horizon- 
tal bearing plates must be used between 
column sections of different forms or 
general dimensions. Rivet spacing in 
column shafts and at beam connections 
should be uniform to permit the use of 
multiple punches; spacing should be 
in multiples of one-quarter inch. 

Erection requirements should not 
be overlooked; beams should frame 
with ample clearances, particularly to 
column webs, and rivets should be 
countersunk or flattened where neces- 
sary to swing beams into position. 
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COLUMN DETAILS 


TYPICAL COLUMN DETAILS 
Office Building Construction 



TYPICAL CHANNEL COLUMN 


TYPICAL SPLICE 


Bearing on Steel Channel Columns, different sizes j 
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CARNEQIE STEEL COMPANY 


CAST IRON COLUMNS 

Allowable Unit Stresses in Pounds per Square Inch 
For Various Ratios of Slenderness 


j Proposed formula of New York Building l.aw: 9000-40 1/r lbs. per square inch 


1/r 

Lba. per Sq. Id. 

I/r 

l.ba.pcrSq.lD. 

1/r 

Lba. per Sq. In. 

10 

8000 

30 

7800 

50 

7000 

11 

8500 

31 

7700 

51 

0900 1 

12 

8520 

32 

7720 

52 

6920 ' 

13 

8480 

33 

7080 

53 

6880 : 

14 

8440 

34 

7040 

54 

0840 ; 

15 

8400 

35 

7000 

55 

6800 1 

16 

8300 

30 

7500 

50 

0760 

17 

8320 

37 

7520 

57 

6720 

18 

8280 

38 

7480 

58 

0080 

19 

8240 

39 

7440 

59 

6040 ; 

20 

8200 

40 

7400 

60 

0000 ! 

21 

8100 

41 

1 7360 

01 

6500 ! 

22 1 

8120 

42 

7320 

62 

6520 

23 

8080 

43 

7280 

03 

6480 

24 

8040 

44 

7240 

64 

6440 * 

25 

8000 

45 

7200 

05 

6400 

26 

7900 

46 

7160 

00 

6360 

27 

7920 

47 

7120 

67 

6320 ! 

28 

7880 

48 

7080 

68 

0280 

29 

7840 

49 

7040 

69 

6240 





70 

6200 ; 

! 


The safe load for a cast iron column of given dimensions Is determined | 
from the above table by obtaining the ratio of 1/r and multipl ylng the correspond- | 
Ing unit stress by the sectional area of column. ; 


Example; — Kequlred the safe load of a cast iron column, 15 inches square, ! 
J4 inch In thickness, and 10 feet long. ; 

From table of Hollow Square Sections, page 103, the radius of gyration j 
is 5.78 Inches and the sectional area Is 49.44 square inches; hence the ratio of j 
1/r = 10 X 12 -K 5.78 — 33.2, corresponding to a stress of 7072 pounds per square | 
Inch, giving a total safe load of 49.44 x 7072 = 379300 pounds. j 

The minimum size of a cast iron column of a certain length to safely 
support a given load is determined as follows: 

Divide the length in Inches by 70; the quotient is the minimum allowable 
radius of gyration required. Divide the total load by 0200 pounds ; the quotient 
is the ‘minimum sectional ar(». 

Example: — Required the minimum size of a round cast iron column, 20 
feet long, to support a load of 235000 pounds. 

The minimum radius of gyration is 20x12 -i- 70 — 3.43 inches; the minimum 
area is 235000 6200 =37.90 square inches. From table of Hollow Roimd Seo 

tlons, page 192, the nearest minimum size for this radius of gyration and this 
arM is found to be a column 1 1 inches in diameter and 1 H Inches in thickness. 
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CAST IRON COLUMNS 


ROUND CAST IRON COLUMNS 



Allowable Loads in Thousands of Pounds 
By Proposed Now York Building Law Formula 
Woigiits do not include details 


; Outer 

Thick 

Ar«. 

Weigh 

Leaat 



Effective 

Length of 

Column in 

Feet 

' Dia., 
lucbcfl 

new, 

Inche 

Inchea^ 

Fourgs 

Radius 

Inches 

8 

10 

12 

1 14 

16 

18 

20 

22 

24 

26 

1 28 



8.64 

27.0 

1.95 

61 

56 









1 

6 


10.55 

33.0 

1.91 

7A 

68 












12.37 

38.7 

1.88 

8f 

80 












14.09 

44.0 

1.84 

97 

90 









i 



12.52 

39.1 

2.27 

92 

80 

81 








1 

7 


14.73 

46.0 

2.23 

107 

101 

95 








j 


n 

16.84 

52.6 

2.19 

122 

115 

107 










1 

18.85 

58.9 

2.15 

136 

128 

119 








1 



17.08 

53.4 

2.68 

128 

122 

116 

109 








8 

% 

19.59 

61.2 

2.54 

147 

13(1 

132 

124 







j 

1 

21.99 

68.7 

2.50 

164 

156 

147 

139 







! 


iH 

24.30 

75.9 

2.46 

181 

171 

162 

152 







t 


% 

22.34 

69.8 

2.89 

171 

164 

157 

149 

142 







9 

1 

25.13 

78.5 

2.85 

192 

184 

175 

167 

158 






• 


IH 

27.83 

*87.0 

2.81 

212 

203 

193 

184 

174 




1 

1 


IM 

30.43 

95.1 

2.78 

232 

221 

211 

200 

190 








1 

28.28 

88.4 

3.20 

221 

212 

204 

195 

187 

178 






10 

1 /-i 

31. .37 

98.0 

3.16 

244 

235 

225 

216 

206 

197 





i 


34.36 

107.4 

3.13 

267 

257 

246 

235 

225 

214 







in 

37.26 

116.4 

3.09 

289 

277 

266 

254 

243 

231 





i 



34.00 

109.1 

3.51 

276 

260 

257 

247 

238 

228 

219 




1 

11 


38.29 

119.7 

3.48 

302 

292 

281 

271 

260 

250 

239 




! 

J 

41.^8 

129.9 

3.44 

328 

316 

305 

293 

281 

270 

258 




1 


in 

44.77 

139.0 

3.40 

362 

340 

327 

314 

302 

289 

277 




i 

; 

IH 

42.22 

131.9 

3.83 

338 

327 

316 

306 

295 

2.S5 

' 27.1 

264 



\j 


in 

45.90 

143.4 

3.79 

367 

355 

343 

332 

320 

308 

297 

285 




in 

49.48 

154,6 

3.75 

395 

382 

369 

357 

344 

.33! 

319 

306 



j 


1% 

52.97 

165.5 

3.71 

422 

408 

394 

381 

367 

353 

340 

326 





1% 

50.22 

156.9 

4.14 

405 

394 

382 

370 

359 

347 

336 

324 

312 



I 13 

\n 

54.19 

169.4 

4.10 

437 

424 

412 

399 

386 

374 

.361 

.348 

335 




68.07 

181.5 

4.06 

468 

454 

440 

427 

413 

399 

.385 

372 

358 



1 

1% 

61.85 

193.3 

4.03 

498 

483 

408 

454 

439 

424 

409 

395 

380 



! 


58.91 

184.1 

4.45 

479 

467 

454 

441 

429 

416 

403 

390 

378 



1 

IH 

63.18 

197.4 

4.41 

514 

500 

486 

472 

459 

445 

431 

417 

404 



ig 

67.35 

210.5 

4.38 

547 

532. 

518 

503 

488 

473 

459 

444 

420 



1 

IJi 

71.42 

223.2 

4.34 

580 

564 

548 

532 

516 

501 

486 

469 

453 



1 

in 

68.29 

213.4 

4.76 

560 

546 

532 

518 

504 

491 

477 

463 

449 

436 


' 15 


72.85 

227.0 

4.73 

597 

582 

567 

552 

537 

523 

508 

493 

478 

463 


1 

77.31 

241.6 

4.69 

632 

617 

601 

585 

569 

553 

538 

522 

506 

490 



2 

81.08 

255.3 

4.65 

668 

651 

634 

617 

600 

583 

566 

550 

633 

516 




78.34 

244.8 

5.08 

646 

631 

616 

601 

587 

572 

657 

542 

627 

513 

408 

16 

1^ 

83.20 

260.0 

5.04 

685 

670 

654 

638 

622 

606 

590 

574 

659 

543 

627 

2 

87.97 

274.9 

6.00 

724 

707 

690 

673 

657 

640 

623 < 

606 

589 

572 

555 


2H 1 

92.63 

289.5 

4.96 

762 

744 

726 

7081 

690 

672 

654 < 

636 

610] 

601 

583 
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SQUARE CAST IRON COLUMNS 

Allowable liOADS in Thousands of Pounds 

By Propostid New York Building Law Formula 
Weights do not include details 


Outer 

Thick- 

Area, 

Inches- 

Weight 

per 

F^oot, 

Pounds 

Least 1 



Effective Length of Column in Feet 



Wklth, 

loohca 

DCflS, 

Inches 

Iladiua, 

Inchcsj 

8 

10 

12 

14 

16 

18 

20 

22 

1 24 

20 

1 28 



11.00 

34.4 

2.26 

80 

76 

71 









6 

^ii 

13.44 

42.0 

2.21 

98 

92 

86 









% 

15.75 

49.2 

2.17 

114 

107 

100 











17.94 

56.1 

2.12 

129 

121 

113 










H 

15.94 

49.8 

2.02 

120 

114 

108 

103 








7 


18.75 

58.6 

2..57 

141 

134 

127 

120 







[ 

4 

20.44 

63.9 

2.53 

153 

145 

137 

130 









1 

24.00 

75.0 

2.48 

179 

170 

100 

151 










21.76 

68.0 

2.98 

168 

161 

154 

147 

140 







8 


24.94 

77.9 

2.93 

192 

184 

175 

167 

159, 







1 

28.00 

87.5 

2.89 

215 

205 

196 

187 

178 








IH 

30.94 

96.7 

2.84 

237 

226 

216 

205 

195| 



i 





H 

27.44 

86,8 

3..34 

215 

208 

200 

192 

184 

176 






A 

1 

32.00 

100.0 

3.29 

251 

241 

232 

223 

213 

204 






V 

IH 

35.44 

110.8 

3.25 

277 

267 

256 

246 

235 

225 

• 






IH 

38,76 

121.1 

3.21 

302 

291 

279 

268 

256 

244 







1 

36.00 

112.6 

3.70 

287 

277 

268 

259 

240 

240 

231 





10 

1 

39.94 

124.8 

3.65 

317 

307 

296 

286 

275 

265 

254 





1 M 

43.75 

136,7 

3.61 

.347 

336 

324 

312 

301 

289 

277 






IH 

47.44 

148.3 

3.57 

376 

303 

360 

338 

325 

312 

299 


1 




IH 

44.44 

138.9 

4.06 

358 

347 

337 

326 

316 

305 

295 

284 




11 

1 K 

48.76 

152.3 

4.01 

392 

3S0{ 

369 

357| 

345 

334 

322 

310 




1 

62,94 

165.4 

3.97 

425 

412 

400 

387, 

374 

361 

348 

236 





l>4 

57.00 

178.1 

3.93 

457 

443 

429 

416 

402 

388 

374 

360 





IM 

63.781 

168.1 

4.42 

437 

426 

414 

402 

391 

379 

367 

356 

344 



12 

IH 

58.44 

182.0 

4.37 

475 

462 

449 

430 

423 

410 

398 

385 

372 



iH 

03.00 

196.9 

4.33 i 

511 

1497 

483 

469 

455 

441 

427 

413 

399 




IH ! 

67.44 

210.8 

4.29 

547 

532 

616 

501 

486 

471 

456 

441 

426 




iH 

63.94 

199.8 

4.78 1 

524 

511 

4981 

486 

473 

460 

447 

434 

421 

409 


13 

lyj 

69.00 

215.6 

4.74 

505 

551 

537 1 

523 

500 

495 

481 

467 

[453 

439 


IH 1 

73.94 

231.1 

4.09 

605 

690 

575 i 

560 

544 

529 

514 

499 

[484 

469 



Ih 

78.75 

246.1 

4.05 

644 

627 

611 

595 

579 

562 

546 

530 

514 

497 



ly. 

76.00 

234.4 

5.14 

619 

605 

591 

577 

563 

549 

535 

521 

507 

493 

479 

14 

1 5^ 

80.44 

251.4 

5.10 

663 

648 

633 

018 

603 

588 

572 

557 

542 

527 

512 

1 

86.75 

207,9 

5.05 

707 

690 

674 

658 

641 

625 

609 

593 

576 

560 

544 


1^ 

90.04 

284.2 

5.01 

749 

731 

[714 

696 

679 

662 

644 

627 

609 

592 

574 


IH 

86.94 

271.7 

5.50 

722 

707 

691 

676 

661 

646 

631 

616 

600 

585 

670 

1-5 

1 14 

92.75 

289.8 

5.46 

769 

753 

737 

721 

704 

688 

672 

655 

639 

623 

606 

1 ^ 

98.44 

307.6 

5.41 

816 

799 

782 

764 

740 

729 

711 

694 

076 

650 

642 


2 

104.00 

325.0 

5.37 

802 

843 

824 

800 

787 

769 

750 

731 

713 

694 

676 


15i 

99.76 

311.7 

5.86 

832 

816 

800 

783 

767 

751 

734 

718 

702 

685 

669 

J6 

1% 

105.94 

331.1 

5.82 

884 

806 

849 

831 

814 

796 

779 

761 

744 

726 

709 

2 

112.00 

360.0 

6.77 

934 

915 

806 

878 

8.59 

840 

822 

803 

785 

766 

747 


- 

117.94 

368.6 

5.73 198219631 

943 

923 

903 

883 

864 

844 

824 

804 

785 




FLOOR CONSTRUCTION 


FLOORS AND FLOOR LOADS i 

Kinds of Loads. Two kinds of loads arc carried by structures. ! 
Live loads consist of the weight of carriages, cranes or other handling j 
devices and their supported loads, machinery, merchandise, persons ! 
or other moving objects, the support of which is the purpose of the i 
structure, including also wind stresses. Dead loads consist of the i 
actual weight of the structure itself with the walls, floors, partitions, ; 
roofs, and all other permanent construction and fixtures. The j 
dead loads stress thb structure at all times and it must, therefore, 1 
be proportioned to sustain them at all times without reduction. ! 
The live loads may be taken at their full values or reduced in | 
accordance with the probabilities that the structure as a whole j 
or its principal members will not be subject at all times to the full ’ 
theoretical live loading. j 

Dead Loads. The permanent load should be calculated from i 
known weights per unit of the material composing floors, partitions, | 
walls, or other permanent construction. The weight assumed for j 
the steel frame itself should be checked after the sections are ! 
determined and then the sizes readjusted if necessary. : 

Lire Loads. Live loads vary with the character of the struc- ; 
turcs. In buildings they consist of uniform loads per square foot ; 

' of floor area, concentrated loads, such as heavy safes, which may i 
be applied at any point of the floor, and uniform loads per lineal : 
foot of beams or girders. The load which produces the maximum i 
: bending moment or reaction is to be used in proportioning sections. | 
The floor system between beams must of course be of sufficient i 
' strength to transmit any concentrated load to the beam. ; 

In cities the minimum live loads to be used on the various classes | 
: of buildings are fixed by public ordinances, and are given on page i 
i 312 for the principal cities of the United States in accordance with \ 
: the most recent building laws, which are intended to cover general j 
conditions and do not include machinery or other concentrations. 
If such concentrations, like safes, armatures, generators, or printing 
presses, occur on floors, special provision should bo made for them 
in the floor framing. Flat roofs of buildings which may bo loaded 
with people, should be treated the same as floors and the same 
uniform live loads used as given in the table for dwellings, hotels 
or assembly rooms. 
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FLOORS AND ROOFS 

Minimum Live Loads, Pounds per Square Foot 


By Building Laws of Various Cities 



d 

•a 

■c 

§ 


i 

o 

4 

1' 

Kind of Building 



"O S 

a| 

-S® 

> s 


li 

gs 





A 

A 

D 

d ' ' 


1 

Apartments 

50 

60 

70 

00 

50 

50 

40 

60 

60 

j Public Rooms^ and Halls 

100 





80 




i A&sombly Halls 

125 

90 

120 


125 

too 


100 

125 

! Fixed Seat Auditoriums.. 




75 

125 

80 

100 


75 

' Moval)le Scat 










: Auditoriums 




125 


100 

100 


125 

Churches 


1)0 


75 

125 


100 


125 

Dance Halls 

200 




1.50 

150 

100 



Drill Rooms 

200 




150 





Ridiiifi! Schools 

200 









Theaters 


90 


75 

125 


100 


125 

Dwellings 

50 

00 

70 

00 

50 

40 

40 

00 

60 

; Public Rooms®' 

100 









{ Hotels 

50 

00 

70 

00 

70 

50 

50 

00 

60 

1 First Floors 








100 


Corridors 






80 




Office Floors 

100 





80 




! Public Rooms® 

100 









! Manufacturing 

125 

120 

120 

125 



100 


125 

j Light Factories 


120 

150 


125 



150 


! Morcantlie 










j Heavy Storehouses 


150 

1,50 

2.50 

200 

200 



250 

i Retail Stores 

125 


120 

125 

125 

125 

100 

150 

125 

j Warehouses 

250 

150 

150 


200 


100 

1.50 

250 

j Offices 

100 

75 

! 100 

75 

70 

00 

50 

70 

60 

i First Floor 

100 

1.50 


1.50 


f 


1.50 

150 

i Corridors 






100 




j Schools (Cla.ss Rooms) 

60 

75 


75 

70 

60 

40 

1 100 

75 

1 As.sembly Rooms — Hulls 

125 

90 



70 

80 

75 


125 

i Sidewalks 


300 


200 


200 



150 

i Stal)les — Carriage Houses.. 


75 


100 


80 

100 


75 

; Area less than 500 sq. ft. 







40 


1 

Stairways and Landings. . . 

70 





80 

100 


! 

Fire Kscapos 

^ 70 





80 




Roofs — Flatty 

40 

50 


40 

50d 

40 

25 

40 

! 30 

Horizontal Projection 






I 




Steep Roofs 


30 


20 

50d 


25 


20 

Superficial Surface 



30 


60d 

40 




1 Wind Pre.ssure 

i 

30 

30^^ 

^30 

_2^ 

_3^’ 

20_ 

30 

20 


a Area greater than 500 square feet, 
b First Floors 200. 
c Slopes 1 ess than 20 degrees. 

d De^ and live, except for one story steel frame buildings, corrugated iron roofs, 35 pounds, 
e High Buildings, built up districts, 35 pounds; 14 stories or over, 25 pounds at tenth stoiy, 
2 M pounds less each story below. 

Figures for manufacturing establishments do not include machinery. 
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FLOOR CONSTRUCTION 

Reduced Live Loads. Floor beams in buildings should be computed ! 
to sustain floor by floor the full live and dead loads. It is not | 
probable that all the floors will be fully loaded at all times, and, j 
therefore, good practice permits a reduction of the theoretical live j 
load in tlio computations of column sections. The New York and | 
Pittsburgh building laws do not permit any reduction on columns j 
supporting ilic roof and top floor. Those building laws permit for | 
buildings more than five stories in height on columns supporting j 
each succeeding floor a reduction of 5 per cent of the total live floor j 
load until 50 per cerit is reached, which reduced load is to be used ! 
for the columns supporting the remaining floors. Pittsburgh build- 1 
ing law, howevtT, does not permit any re<luction of live floor loads ! 
over 150 pounds p(‘r square foot (bulk storage). The Chicago ! 
building law requires columns to sustain the full live load on j 
roofs, 85 per cent of the full live floor load on the top floor with a i 
.5 per cent reduction on each succeeding floor down to 50 per cent. | 

When the character of the loading will permit, it is also considered 
good practice to reduce the live load on the main girders to which 
the primary supporting beams are framed. The amount of the 
reduction will depend on the probable distribution of the loads. 

Foundation Loads. Footings should bc SO designed that the loads 
they sustain per unit of area shall be as nearly uniform as possible, i 
and the dead loads carried by the footings should include the actual j 
, weight of the superstructure and foundations down to the bottom i 
of the footing. The live load should be assumed to be the same as | 
the live load in the lowest tier of columns or in the footings under : 
walls. According to the proposed New York building law, the j 
area of the footling which has the largest percentage of live load to j 
total load shall bc determined by dividing the total load by the j 
; unit working stress. From the area thus calculat(^d all the other j 
footings of the building shall be proportioned according to the 
ratios of their respective dead loads only. In no case shall the 
load per square foot under any portion of any footing due to the 
combined dead, live, and wind loads, exceed the safe sustaining 
power of the soil upon which the footing rests. 

Fireproof Floor Systems. A modern office or mercantile building 
is essentially a steel framed structure which supports the dead load 
of the building and its contents and is itself protected on all sides 
by refractory materials. The floors are made fireproof by the use 
of terra cotta tiles or arches or of a composite flooring made of 
concrete or reinforced concrete. While brick arches may still 
be used in special locations where great floor strength is needed, 
and concrete arches are sometimes thrown between the beams, 
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modern practice is limited substantially to the hollow tile arch 
sprung between the beams and the reinforced concrete slab laid 
on their tops, the ceiling construction being modified to suit. 
Each system has advantages of its own. 

Terra Cotta Arches. Hollow tile arches fill the total depth of the 
floor beams, and, therefore, tend to stiffen and brace the building; 
their weight per square foot is light as compared with other forms 
of fireproof floor construction of equal strength. Hollow terra 
cotta floor arches are made either flat or segmental. The segmental 
arch will develop much greater strength than the flat arch of tlic 
same width and depth, and may be designed to carry a given load 
with tile of less depth than flat arches. They are, therefore, 
more economical, though not always acceptable from the stand- 
point of architectural appearance. In office buildings the ceilings 
under such arch(‘s arc usually suspended. A correctly designed 
and constructed flat arch will always develop the full strength of 
: the steel beam which supports it. 

When arch blocks are the same depth as the beams, they are 
usually laid to project inches below the bottom of the beams, 
and the space above the arch is filled in either with cinder concrete, 
in which can be laid pipes, conduits, and wooden nailing strips 
supporting wood flooring, or with thin terra cotta blocks made for 
this purpose, or with a layer of plastic composition of cement, 
which forms the wearing surface for the floor. 

Thrust of Floor Arches. All forms of terra cotta arches produce side 
thrust on the floor beams. In the flat arch the blocks have tapered 
faces and the central block or key wedges the othqrs together; in 
, the segmental arch the thrust is that due to all arch action. These 
thrusts it is found necessary to counterbalance by means of tie rods 
which connect the floor beams and relieve them from the tendency 
; to deflect sidewise. In the central bays, owing to the action of 
' adjacent arches, the tic rods arc sometimes omitted, but it is 
; necessary to investigate outer beams and channels around openings 
i for additional thrust stresses so that the combined fiber stresses 
i produced by vertical loading and horizontal thrusts may not be 
I excessive. With flat arches ^ inch tie rods spaced apart not over : 
j fifteen tinies the width of the beam flanges will usually be sufficient. 

; The total thrust of arch, the net area of tie rods required, the maxi- 
i mum distance between tie rods and the section of outer beams for 
; any condition, may be found as follows: 


320 



FLOOR CONSTRUCTION 

Let 

w «=load on arch, in pounds per square foot. 

L ==span of arch, in feet. 

Lb —length of floor beam supporting the arch, in feet. 

R =effective rise of arch, in inches, 
p —thrust of arch per lineal foot, in pounds. 

P =total thrust of arch per panel, in pounds. 

A =total net area of tic rods per panel, in square inches, 
a —net area of one tie rod, in square inches. 

Ls =spacing of tie rods, center to center, in feet, 
f =allowable combined fiber stress not to exceed lo.ooo pounds 
per square inch. 

51- i =Scction Modulus of beam, axis 1-1, in inches-'*. 

5 2 - 2 —Section Modulus of beam, axis 2-2, in inches^. 

Mi.i— Bending Moment due to vertical loading, inch pounds. 
M 2 - 2 “Bcnding Moment due to arch thrust, inch pounds; then. 


P 

A 


3wL^ 



__ 3wLgI..b wL^Lb 

2fR 10667R 


P 


T _ 2faR „ i0667aR 
^ 3wL2 wL2 

M (^/6wL Lb) Lbl2 _ 3w Lb 

1 - 1 —- ^ ^ 


3wL2Lb 

2ll 


f Ml.l I M2.2 

S 2.2 

In the formula given for M 2 - 2 , the beam is considered continuous i 
and supported at intervals by the tie rods. In segmental arches ; 
the effective rise is equal to the vertical distance between the i 
highest point of the concave surface and the springing line or chord ; I 
the effective rise of a flat arch may be taken at 2.4 inches less than | 
the arch depth. \ 

The net areas of the usual size .tie rods are as follows: — j 


» Diameter of Rod, Inches 

H 



1 

Net area, a, square inches 

0.202 

1 

0.3Q2 

0.420 

1 0.560 
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E XAMPLE. — A floor panel 18 feot by 6 feot, made of 12 Inch flat terra cotta 
blocks, Is to support a uniform load, live and dead, of 150 pounds per square 
foot. Required the total thrust, total area of rods per panel, maximum 

I spacing of rods, and the proper size beam to carry-one-half of the panel without 
other lateral support than the tie rods. 

i P]ntlro panel load is 18x6x150=16,200 pounds. Assume a 12 Inch 31.5 
pound beam and inch tie rods, then we liave — 

' Thrust of arch per lineal foot, p — 840 pounds. 


.3xl.';0x6x0xl8 


Total tlu'ust of arch, 

Total area of tie rods, a — jo 067(12—2 4) 

,, , . ... , , 10667X .;i02x(12— 2.4) 

Maximum spacing of tie rods. Ls=^ 


1.50x6x6x18 » . , 

»_■> -^ .95 square Inches. 


^5.73 feet. 


150x6x6 

Bending Moment, vortical loading, Mi-i=^2^^^^2^^~^^=218,700 in. ibs. 
Bending Moment, horizontal thrust, M 2 . 2 — 27,580 in. lbs. 


Combined fiber stress. 


. 218.700 , 27,580 , , , 

f= — =13,330 pounds per square inch. 


If tie rods are spaced 6' O'' centers, then the 

Bending Moment, horizontal tlirust, M3-2=840x6x6=30,240 inch pounds. 

^ . 218,700 , 30,240 , . . . . 

Combined fiber stress, f= — J — ——=14,030 pounds per square inch. 

When used, tie rods should be placed in the line of thrust if 
possible, usually 3 inches above the bottom of the beam. 


MAXIMUM SPACING OF H INCH TIE RODS, 

Loads of loo Pounds per Square Foot 


Effective Rise of Arch, R, in Inches 


Span, 

— 

■■ 

— — 

— — 

— - 

— - — 



- — 


— 

— 

— 

Feet 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

3 

14.3 












4 

8,1 

10. 1 

12.1 

14.1 









5 

5.2 

6.4 

7.7 

9.0 

10.3 

11.6 

12.9 

14.2 





6 

3.6 

4.5 

5.4 

6.3 

7.2 

8.1 

8.9 

9.8 

10.7 

11.6 

12.5 

13.4 

7 


3.3 

3.9 

4.6 

6.3 

6.9 

6.6 

7.2 

7.9 

8.5 

9.2 

9.9 

8 



3.0 

3.6 

4.0 

4.6 

6.0 

5.5 

6.0 

6.5 

7.0 

7.6 

0 





3.2 

.3,6 

4.0 

4.4 

4.8 

6.2 

5.6 

6.0 

10 







3.2 

3.5 

3.9 

4.2 

4.5 

4.8 


i For any other loading, multiply tabular values by lOO and divide i 
! by total new load per square foot. 

I The tables which follow give the weights per square foot for terra I 


cotta arches, both flat and segmental, of various depths, their area ' 
in square inches, and .the safe loads they will sustain on various j 
spans. These tables should be used as a general guide only, as j 
conditions may make it possible to design more economical arches ; 
for a given load than indicated by the tables. Where a paneled ; 
ceiling is not objectionable, for example, a shallow arch may be used | 
on raised skewbacks with a considerable economy in material. j 
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FLOOR CONSTRUCTION 

FLAT TERRA COTTA ARCHES 

manufacturers’ standard 


Safe Loads in Pounds per Square Foot 
Factor of Safety — 7 


Span 

of 

Arch, 

TT* -Tn 


■ ■ 7 

Depth of Arch Blocks, Inches 

8 1 9 1 10 

Ar<itt of Arch Blocks, Stiuare Inches 


i.r 


31 

34 

37 

40 

43 

49 

58 

3^ 

*458 

^88 

7:35 

901 

1084 

1487 

2210 

3-3 

386 

496 

622 

763 

916 

1262 

1877 

3-6 

330 

424 

531 

653 

785 

1083 

1612 

3-9 

284 

3(i.5 

459 

565 

679 

938 

1398 

4-.0 

247 

318 

399 

493 

593 

820 

1223 

4-3 

216 

278 

.350 

433 

521 

722 

1070 

4-6 

190 

24.5 

300 

382 

461 

640 

951 

4-9 

168 

217 

274 

.310 

410 

571 

855 

5-0 

149 

193 

244 

.304 

367 

511 

767 

5-3 


172 

218 

272 

3:10 

460 1 

691 

5-6 


1.54 

196 

245 

297 

416 

626 

6-9 


139 

170 

222 

269 

378 

569 

6-0 



1.59 

201 

244 

344 

518 

6-3 



144 

183 

222 

314 

474 

6-6 



131 

166 

203 

287 

435 

6-9 




152 

186 

264 

400 

7-0 




139 

170 1 

243 

369 

7-6 




1 

144 1 

206 

315 

8-0 






177 

• 272 

8-6 






153 

236 

9-0 






132 

205 

0-6 







180 

lO-O 







1,58 


This table and the two following are employed in computing the i 
: safe loads of flRor arches of hollow terra cotta blocks. The area : 
; given is that of a cross section at right angles to the webs, and, ' 
generally, end-construction blocks of various shapes but of the same i 
depth and cross-sectional area have equal strength, 
j The weight of the terra cotta arch has been deducted from the J 
I safe load given in the tables, so that only the dead load of the ! 
i concrete fill, plastering, etc., must be deducted to obtain the net ; 
i safe live load for any arch and span ; blocks of different areas and | 
j for other factors of safety are calculated as follows: i 

I Example. — Required the load per square foot for a 5'-6" span and 8 inch > 

i arch blocks with three horizontal and four vertical webs, % inch tiiick, sot in etod { 
j construction, cross-section through webs of blocks parallel to webs of beams. 

I Sectional area of the blocks Is 8"x?4:"x4+(12"-4x?i")xM"x3=44.26 sq. in. 

at 0.06 pounds per cu. In., the weight Is 44.25x12x0.06=32 pounds. 

I The net safe load of the 8 inch block given in the table is 196 pounds, 
j Adding the weight of the block. 37x12x0.06=26 pounds, the total safe load is 
I 222 pounds. The net safe load for blocks with an area of 44.25 sq. in. and a 
I safety factor of 5 is (44.25 ■+■ 37x222x7/5) — 32=340 pounds per sq. ft. 
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CARNEOIB STEEL COMPANY 


SEGMENTAL TERRA COTTA ARCHES 

MANUFACTUBEBa’ 8TAN0ABD 

Safe Loads in Pounds peb Squabb Foot 
Factor of Safety^? 




Depth of Arch Blocks, Inches 



Depth of Arch Blocks, Inches 

Span 

of 

Rise 

of 

4 

6 

8 

10 " 

Span 

of 

Rise 

of 

-4 

0 

T - 

10 

Arch, 

Arch, 

Area of Arch Blocks. S<i. Inches 

Arch, 

Arch, 

Area of Arcli Blocks. S<i. Inches 

Ft.-In. 

In. 

— 

_ 



— 

Ft.-In. 

In. 








28 

30 

43 

47 



28 

36 

43 

47 


H 

702 

902 

1078 

1178 


% 

300 

471 

563 

615 


1 

020 

1184 

1414 

1545. 


1 

4.82 

021 

741 

810 

4-0 

lU 

11.55 

14.85 

1774 

1939 : 

7-6 


002 

774 

925 

1011 

1 'a 

i:i5:i 

1740 

2070 

2272; 


715 

920 

1099 

1201 


1:^4 

1545 

1980 

2373 

2593 



815 

1049 

1253 

1369 


2 

I7a(i 

2233 

2667 

2915 


2 

91.5 

1176 

1405 

1.536 


?'4 

610 

792 

940 

1034 



.341 

439 

525 

573 


1 

812 

1044 1 1247 

1363 


1 

457 

588 

703 

768 

4-fl 

l.'4 

1020 

1313 

1.568 

1713 

8-0 

IVa, 

502 

724 

864 

944 

IH 

1190 

1 . 539 ! 18.38 

2009 

IH 

008 

859 

1020 

1122 



i:i8i 

1775 

2121 

2318 


lU 

707 

987 

1179 

1288 


2 

1.530 

1975 

2359 

2578 


2 

854 

1090 

1312 

1434 


H 

5.51 

709 

847 

920 



319 

411 

491 

636 


1 

744 

957. 

1143 

1249 


1 

428’ 

.551 

058 

719 

5-0 

IH 

911 

1172 

1400 

1530 

8-6 

IK 

527 

078 

810 

885 


1072 

1379 

1047 

1800 

IK 

026 

800 

903 

1052 


li‘4 

1238 

1.592 

1902 

2078 


1 ?.i 

719 

920 

1100 

1208 


2 

1379 

1773 

21181 2315 


2 

807 

1037 

1239 

1354 


/'4 i 

499 

041 

760 

837 


u 

300 

386 

461 

604 


1 

072 

804 

1032 

1128 


1 

403 

618 

019 

677 

5-6 

1,'i 1 

820 

1002 

1209 

1387 

9-0 

IK 

.501 

04.5 

770 

842 

I'A ' 

984 

1200 

1512 

1052 

IK 

590 

. 758 

906 

990 


l?-4 

1119 

1439 

1719 

1879 


IK 

077 

<171 

1041 

1137 


2 

1258 

1619 

1933 

2113 


2 

7.59 

977 

1167 

1275 



' 455 

585 

699 

764 


H 

283 

304 

435 

475 


1 

012 

788 

941 

1028 


1 

380 

489 

584 

638 

6-0 j 

IH 

753 

900 

11.57 

1265 

9-6 

IK 

472 

008 

726 

793 

1 H 

898 

11.54 

1379 

1507 

IK 

501 

721 

862 

942 


lU 

1 1022 

1315 

1570 

1710 


IK 

639 

823 

983 

1074 


2 

1148 

1476 

1703 

1927 


2 

717 

923 

1102 

1204 


1 '" 

428 

551 

6.58 

719 


K 

267 

344 

411 

449 


502 

724 

864 

944 


1 

3.59 1 

402 

652 

603 

6-6 

IH 

701 

902 

1077 

11771 

10-0 

1 IK 

447 j 

.576 

088 

751 

lA j 

823 

1058 

1204 

1.382 

; IK 

5.31 

683 

810 

892 


i 

947 

1218 

14.55 

1.590 


I IK 

. 610 

784 

937 

1024 


2 

1055 

1358 

1022 

1772 


2 

683 ! 

879 

1060 

1147 

1 

% 1 

394 

608 

606 

602 


. K 

251 

330 

394 

420 


1 

; 520 

609 

799 

873 


1 

342 

442 

528 

577 

7-0 

IH. \ 

648 

8.34 1 

990 

1089 

10-6 

IK 

426 

547 

655 

717 

\A 1 

702 

981 

1171 

1280 

IK 

504 

646 

776 

849 


m 

876 

1127 

1346 

1471 


IK 

581 

749 

891 

974 


2 1 

983 

12641 

1510 

1660 


2 

650 

837 

1000 

1092 



FLOOR CONSTRUCTION 


SEGMENTAL TERRA COTTA ARCHES— Concluded 


Span 

j Rifle 

Depth of Arch Blocks, Inches 

Span 

Rise 

Depth of Arch Bloi^ks, Inches 


1 

1 

1 





of 

of 

4 


1 « 

(if 

of 

4 

« 


1 10 

Arch, 
Ft. -In. 

j Arch, 

1 In. 

1 

Area of Arch Blocks, Sej 

Inches 

Arch, 

Arch, 

In. 

Area of Arch Blocks, Sq. Inches 

28 

30 

43 

47 

28 

36 

43 

47 


i H 

244 

315 

376 

411 

i 

u 

151 

104 

232 

2.54 


1 

327 

421 

503 

550 


1 

205 

265 

316 

345 



404 

510 

021 

678 

1 

1 17-0 

1 H 

256 

330 

304 

430 

1 1-0 

13 2 

470 

6\7 

737 

805 

14 

304 

302 

468 

512 



551 

709 

847 

025 



351 

452 

540 

500 


2 

617 

704 

048 

1036 

i 

2 

303 

506 

605 

661 



233 

200 

358 

301 



141 

182 

218 

238 


1 

312 

401 

480 

524 


1 

102 

248 

206 

324 

1 l-fi 


3S8 

400 

506 

652 


Hi 

210 

310 

370 

404 


460 

502 

707 

773 

18-0 


287 

370 

442 

482 


Hi 

528 

680 

812 

887 


Hi 

330 

425 

.507 

654 


2 

501 

761 

000 

993 


2 

371 

477 

570 

623 


^'4 

222 

285 

34 1 

372 


H 

134 

173. 

206 

225 


1 

207 

383 

458 

5(M) 


181 

233 

270 

304 

12-0 


370 

477 

560 

622 


1 M 

227 

203 

350 

382 

m 

430 

566 

676 

738 

10-0 

1 

271 

348 

416 

4.56 


1?4 

505 

640 

776 

818 


ih 

312 

402 

480 

624 



565 

727 

860 

040 


2 

351 

451 

530 

589 


J*4 

212 

273 

326 

356 



120 

103 

104 

212 


1 

284 

366 

437 

478 



172 

221 

265 

289 

12-0 

1 H 

354 

456 

545 

505 

20-0 

Hi 

215 

277 

331 

301 


420 

54 1 

646 

706 

Hii 

257 

330 

305 

431 


1 ;?4 

483 

621 

742 

811 


lU 

206 

381 

4.55 

497 


2 

511 

006 

832 

000 


2 

332 

427 

510 

558 



203 

261 

312 

341 1 


?i 

110 

163 

183 

200 


1 

272 

351 

410 

458 'i 



163 

200 

250 

273 

10-0 


330 

437 

522 

570 ii 


1 'i 

205 

263 

315 

.344 


‘^3 

510 

620 

677 1 

21-0 

1,4 

243 

314 

375 

409 


Hi 

463 

506 

712 

778 i 


i?i 

281 

361 

432 

472 


2 

521 

670 

801 

875 : 


2 

315 

406 

485 

530 


•>4 

ISO 

240 

287 

313 ' 


i'i 

113 

145 

174 

190 i 


1 

253 

326 

300 

426 i 

1 

1 

1.54 

100 

237 

259 { 

14-0 

l}4 

315 

406 

485 

530 i 


1 'i 

104 

2.50 

2(>8 

326 


374 

482 

575 

<>20 i 

22-0 1 

IH 

232 

200 

357 

399 


1 1?4 

430 

553 

661 

722 ] 


1 U 

268 

344 

412 

450 



481 

610 

740 

808 1 


2 

301 

377 

462 

506 ; 



174 

22.5 

268 

203 : 

j 

u 

108 

1 39 

166 

181 ! 


1 

234 

302 

361 

304 1 

1 

1 

147 

100 

227 

247 1 



202 

377 

450 

491 

1 23-0 1 

Hi 

185 

238 

284 

310 j 

15-0 


347 

447 

534 

583! 

Hi 

221 

284 

340 

371 I 



401 

515 

616 

673 ; 


1% 

2.55 

328 

302 

428 


2 

440 

577 

600 

754 1 

1 

! 

2 

286 

360 

440 

481 



162 

200 

240 1 

272 ! 


?i 

1 

102 

132 

157 

172 


1 

218 

281 

336 

367 I 


140 

181 

216 

236 

16-0 


274 

353 

421 

460 

24-0 

Hi 

177 

227 

272 

297 » 

1)^ 

325 

410 

500 

546 

Hi 

211 

272 

325 

355 


IM 

374 

481 

675 

628 


Hi 

244 

314 

376 

410 


2 

420 

540 

645 

7051 


2 

274 

353 

421 

460 
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Segmental Arch 


CARNBQie STEEL COMPANY 


TERRA COTTA ARCHES 

For 

Floor Load of 150 Pounds per Square Foot 


Depth 

Depth 

Depth 

Span 

Approx. Weight, Lbs. per So. Ft. 

— 

— 



— 

— 

— 

of 

of Arch 

of 

of 




1 



Beam, 

Blocks, 

floor. 

Arch, 


11 

i 

■ S 

■a 

Inches 

Inches 

Inches 

Feet 

1 

s 

8 


.s 





UJ 

HU 

u 

u 


6 

6 

11 

5K 

6 

22 

30 

4 

5 

67 

7 

0 

12 

5K 

7 

22 

38 

4 

5 

70 

8 

6 

13 

5K 

8. 

22 

45 

4 

.I 

84 

7 

7 

12 

6 

8 

24 

30 

4 

5 

71 

8 

7 

13 

6 

8 

24 

38 

4 

5 

79 

9 

7 

14 

6 

8 

24 

45 

4 

5 

86 

8 

8 

13 

6K 

8 

27 

30 

4 

5 

74 

9 

8 

14 

6K 

8 

27 

38 

4 

5 1 

82 ' 

10 

8 

15 

6K 

8 

27 

45 

4 

5 

89 

9 

9 

14 

7K 

S 

29 

30 

4 

5 

76 ! 

10 

9 

15 

7K 


1 29 

38 

4 

6 

86 ' 

12 

9 

17 

7K 

9 

29 

53 

4 

5 

100 : 

10 

10 

15 

8 

9 

31 

30 

4 

5 1 

79 

12 

10 

17 j 

8 i 

9 

31 

45 

4 

! 

94 : 

12 

12 

17 1 

9K j 

10 

35 

30 

4 

5 

84 : 

15 

12 

20 

9K 

10 

35 

53 

4 

5 

107 i 

15 

15 

20 I 

11 1 

12 

42 

30 

4 

5 ! 

93 ; 


For flat arches on raised skews, where tlic top of the arch is level with tlie top of the floor beam, 
deduct about 7 [wunds per inch of <lifferencc between the heinht of the floor l>eam and the arch. 

rnm T^ .1 n- O Approx, weight, Lbs. per Sq. Ft. 

j || j Depth Depth Rise Span - — 

i Ij I rt of of Arch of of "i i' to 

liLU 2 Beam, Blocks, Arch, Arch, -a 2 2 « S - "a 

5 Inches Inches Inches Feet ^ Sp § ,2 'S o 

f ja _ _ _ _ " ^ ^ 

fl 4 M 4H 7 20 27 4 6 03 

Sg- 7 4 1 6 7 20 28 4 5 64 

3*" 8 4 IK 5K 7 20 29 4 5 65 

^5 9 4 IK 6 8 20 30 4 6 67 

ts'? 8 6 K 5 8 26 27 4 5 70 

0’S 9 6 , 1 5K 8 20 28 4 5 I 71 

10 6 IK 6 9 26 29 4 5 73 

^•[m 12 6 IK OK I 9 26 30 4 5 74 

•’nn P'S 10 8 K 5K 9 31 27 4 5 76 

12 8 1 6 9 31 28 4 5 77 

3V;'A00\ ^ 12 8 IK 6 K 10 31 29 4 5 79 

Vv\0Qj a 15 ® IK 7 10 31 30 4 5 80 

O 12 10 K TiK 10 34 27 4 6 80 

' ^ I 12 10 1 6K 11 34 *28 4 5 82 

i 16 10 IK 7 11 34 29 4 5 83 

i 1 5 10 IK 7K 1 2 34 3 0 4 5 8^ 

TERRA COTTA PARTITION, CEILING, ROOFING AND 
ITRRING BLOC KS 

Thick- Approx. Weight, Founds per Sq. Foot I Thick- Approx. Weight, Poun ds per Fo^ 
ln^(M Partition Ceiling Roofing Furring j In^es Partition Ceiling Roofing Furring 

"“l K 9 4 ^Ifl^is M 

2 12-14 12 10 5 18-20 

3 15-17 20 20 1 6 24-26 
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FLOOR CONSTRUCTION 

reinforced concrete beams and floor slabs 

To give a complete mathematical analysis of the stresses which 
occur in reinforced concrete structures is not within the scope of 
this book. For such an analysis reference may be made to standard 
text books on the theory and practice of reinforced concrete. 

Girders and Floor Beams. The arrangement of girders and floor 
beams follows the same principles as in structural steel construction. 
On short spans floor cross beams may be omitted or used only at 
columns to secure lateral stiffness. Beams are usually designed as 
tec beams, and thereby a part of the floor slab is utilized as a part 
of the beam. The width of the slab thus considered to act as part 
of the beam should not exceed five times the slab thickness. 

Floor Slabs. Reinforcement may be of small rods, wires or metal ! 
fabric, the latter especially on short spans. Cross reinforcement of i 
small rods or wires about two feet apart laid parallel to the beam I 
supporting the slab should be used to prevent cracks, shrinkage, i 
etc. If the length of the slab exceeds IH times its width, the | 
entire load should be carried by transverse reinforcement. The ; 
! distribution of the load on a rectangular slab supported on four ; 
sides and reinforced in both directions may be approximately ! 
determined by the formula 11=1^ (1^+Jt)*), where R is the ratio of | 
tlic load, 1 the length and b the width of the slab. An effective i 
; bond should be provided at the junction of beam and slab, and if | 
; the principal reinforcement of the slab is parallel to the beam, | 
! transverse reinforcement should be used extending over the beam j 
; and well into the slab. j 

' Spacinff of Relnforcitis: Bars. The lateral Spacing of parallel bars j 
I should not be less than 2^ diameters, nor should the clear vertical I 
; space between layers of bars be less than ^ inch. The distance 
; from the edge or side of the beam or slab should not be less than 
; two diameters. 

j Shear or Web Reinforcement. In the calculation of web reinforcement, 

: concrete may be assumed to carry ^ to of the total shear; the 
I remainder to "be taken by additional reinforcement arranged in 
j intervals equal to the depth of the beam. The usual method of 
reinforcing beams against failure by diagonal tension or shear is 
to use bent rods or stirrups in either vertical or inclined position. 
The longitudinal spacing of such rods or stirrups should not exceed 
% of the depth of the beam. 

Formulu. The following formulas are those approved by the 
Committee of the American Society of Civil Engineers on Concrete and 
Reinforced Concrete (Proceedings, VoL XXXIX— No. 2, February. 1913.) 
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CARNEQIE STEEL COMPANY 
I Reinforced Concrete Beams — Notation 


t Rectwigular Beams, Reinforcement for Tension only. 

fg =Ten8ile unit stress in steel, in pounds per sq. inch. 

1 fc ==Coniprcssivc unit stress in concrete, in pounds per sq. inch, 

I Eg =Modulus of elasticity of steel, in pounds per sq. inch, 

i Ec =Modulus of elasticity of concrete, in pounds per sq. inch, 

i n —Elasticity ratio, Eg^Ec. 

M —Bending moment, in inch pounds. » 

Mg— Moment of resistance of steel, in inch pounds. 

Me— Moment of resislance of concrete, in inch pounds, 
j A —Area of steel section, in square inches. 

I b ==" Width of beam, in inches. 

. i d —Depth of beam to center of steel reinforcement, in inches. 

‘ k —Ratio of depth of neutral axis to efTectivc depth, d. 

j —Ratio of lever arm of resisting couple to depth, d. 
i z —Distance, top to resultant of comi)rcssion, in inches. 

jd —Arm of resisting couple, in inches—d — z. 

I p —Ratio of steel area to area of rectangle, bd,— A-s-bd. 

■ kd =Distancc from top of beam to neutral axis, in inches. 

I Tee Besme. 

; b —Width of flange, in inches. ' 

b' ==Width of stem, in inches. : 

t — Tliickncss of flange, in inches. 

p —Ratio of steel area to area of rectangle, bd,— A-J-bd. 

e 

I Rectaniralar Beams, Reinforced for Compreitaion. j 

I A' —Area of compressive steel, in square inches. | 

I p' —Steel ratio for compressive steel. ■ | 

i fg —Unit compressive stress in steel, in pounds per sq. inch. | 

j C —Total compressive stress in concrete, in pounds per sq. inch. 

C' —Total compressive stress in steel, in pounds per sq. inch, 
d' —Depth to center of compressive steel, in iftches. I 

z —Depth to resultant of C+C', in inches. i 

I 

Shotr and Bond. j 

V =Total shear, in pounds. 

fy ==Unit shearing stress in concrete, in pounds per sq. inch, 
fu —Unit bonding stress in concrete, in pounds per sq. inch. 

Sq —Sum of the perimeters of the tension bars. 
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REINFORCED CONCRETE BEAMS— FORMULAS 


Rectanffular Beams, Reinforced for Tension only. 



kd — d(^/2pii+ (pn)* -pn) 
z =ikd 


Mg 

= fsAjd 

fsPjbda 

M,, 



fs 

M 

M 

= Ajd 

pjbda 

'c 

2M 

2p^s 

jkbda ^ 

“ir 


Stijol ratio, balanced reinforcement, p 



Tee Beams. 



kd =:= 


2nd A 4- bta 
2nA + 2bt 


Neutral axis in flange — 
use formulas for rectangular beams. 
Neutral axis in stem — 

tOkd— 2t) 

* ^ ;i(2kd— t) 


MH-=fsAjd 




f(.bt (kd- it)jd 
kd 


, ^ fciid-k) 

Ajd “ E 

f Mkd 

“ bt(kd-it)jd 


Rectangular Beams, Reinforced for Compression. 


kd =d ['^2n(p+i)'^) I n-’Cp+p')^ -n(p+po] 



Shear and Bond. 

Rectangular Beams 


ik'»d+ 2p'nd ' (k— 

k2+2p'n(k— 

M_ _ nfc(l-k) 

“ pjbda k 

nfg(k-^) 


Ic — ■ 


OM 


bd3 |]3k-k2+^^’(k-^) 


= W 


jdSo 
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CARNEQIE STEEL COMPANY 

I The formulas are based upon the following assumptions: 
j 1. The applied forces arc perpendicular to the neutral plane. 

2. The deformation of any fiber is proportional to its distance 
I from the neutral axis. 

: 3. The resisting moment of the beam is the sum of the moments 

; above the neutral axis, due to the concrete area in compression, 

I and of those below the neiilral axis, due to the steel area in tension. 

; 4. The tensile strength of the concrete is negligible. 

! Bending Moments. If slabs and girders are reinforced over supports 
i to take care of negative bending moments, they act as continuous 
; beams, and the bending moment at the center of the si)an will be 
! reduced. It is considen^d good practice to use the following values: 

I Floor slabs, M at center and at supports— jV wl-. 

Beams, M at center and at supports=j’^ wd® for interior 
i spans, and iV wP for end spans. 

I If b(‘ams are freely supported at <;nds, M— J wl-. 

'! Columns. Columns may be reinforced by means of longitudinal 
; bars, by bands or hoops, or by both. The general eiTect of the 
I banding or hooping is to permit the use of somewhat higher working 
I stresses; the value p, given in the formula which follows, refers to 
! longitudinal steel reinforcement only: 
i , P —total load on columns, in pounds, 
i Ac— area of concrete, in square inches. 

; As— area of ste(‘l, in square inches. 

I fk —unit compressive stress in steel, in pounds per sq. inch: . 
j P — fc (Ac+nAs) fk— nfc. 

Working Stresses. The following working stresses archill current use ; 
I for reinforcing bars of medium structural steed and good Portland 
I cement and gravel concrete of a 1:2:4 or 1 :2|2:5 mixture: 

fc— unit compressive stress of concrete 050 lbs. per sq. in. • 

I fv=unit shearing stress of concrete, 

i straight reinforcement 30 to 40 

special shear reinforcement — 60 to 100 

I fu— unit bond stress of concrete, 

i smooth rods 60 to 80 

i deformed bars 100 to 175 

i fs =unif tensile stress of steel 16,000 

i fk=unit compressive stress of steel.. 10,000 

n =£5 -e E(;==^15. 

1 For approximate calculations, the arm of the resisting couple, jd, j 
i may be taken at ]d, and ordinarily accepted working stresses j 
I will not be exceeded if the steel ratio, p, does not exceed 0.01. \ 
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Explanation of Tablea. Reinforced Concrete Slabs : The tables 
given on page 332 are based upon the preceding formulas for rect- 
I angular beams, and upon fiber stresses of 650 pounds per square 
; inch for concrete, 20,000 pounds for steel wire reinforcement, and 
i 1(3,000 pounds for steel bar or rod reinforcement. 

I The bonding monumts are given in foot pounds per 'foot of width ; 

; below and to the h'lt of tlie zigzag lines the v;du(‘B arc determined 
■ by I he maximum allowable tilx'r stress on ste(‘l; above and to the 
rigid, they arc dete/'miiK'd by the maximum allowable stresses in 
' concrete. 

; d'he first column givt^s the total lliie,kncss of the slab, the scc- 
j ond, the distance from t he centc'r of tlui steel to the bottom of the 
i slab, and the third the approximate W(*ight of concrete slabs one 
! foot sejuaro. 

; b]xAM iMoc. — Required the roinforconicnt for a slab continuous at foiu* sides 
: Jind Ti inclios thi(^k to carrj' a superimposed load of 1.50 pounds per square foot 
; over a clear span of 8 feet. 

' Assuming the weight of the concrete slab in pounds at twelve times tho 
tiiit kness of the slab in inches, then tho weight of tin? slab per foot is 12x5=60 
I pounds, and the total weight, , for a span of 8 feet is (r)0+150)x8=1680 

I J)OUTlds, 

I M L ; 12—1680x8 12=1 120 foot-pounds. 

Jf triangle mesh is used, tlio steel area required by upper table, page 332, 

I computed for a .5 inch slab, is, by interpolation, 0.185 square inches, equivalent 
; l)y table, page 333, to triangle mesh style number 41. 

! If m(!diuni structural steel bars or rods arc used, tho required area, by 
! tile lowi^r tulilt^ page :i32. is 0.24 square inches, and tho sizes may be taken 
from page 118. 

i 
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REINFORCED CONCRETE SLABS 

Bending Moments in Foot Pounds peu Foot of Width 

Allowable Flb<^r Str(!ss: Steel, 20,000 and Concrete, OrtO Pounds per Sq. Inch 
Es : Ec -- 15 


Slab of 1 Sq. Ft. 


Afv>n rtf Pf<infnri>«>inon>. in f4/iiiurA Tnphoa nor nf WirifK 


1 Thickness, 
Inches ; 













' 





1 Distani 
1 a, Inch 

W'eigh 

Pouiic 

.04 

.06 

.08 

.10 

.12 

.14 

.16 

.18 

.20 

.25 

( 

.30 

.35 

.40 

.45 

.60 



■ 30 

108 

IGO 

211 

2G1 

295 

311 

325 

342 

353 

377 






3 

h 

3(i 

no 

207 

273 

338 

404 

4681 499 

520 

538 

574 

699 





’i'A 

4 


<12 

173 

250 

338 

410 

490 

578 

656 

724 

750 

808 

858 

900 




h 

iH 

20.5 

304 

401 

498 

594 

689 

7.’'3 

876 

060 

1068 

1135 

1104 

1245 



4?-i 


54 

237 

3.52 

465 

.577 

6SS 

798 

907 

1015 

1123 

13.54 

1430 

1516 

1584 

1644 


5 

1 

GO 


.377 

.500 

621 

740 

857 

972 

1087 

1201 

1486 

1605 

1600 

17G(i 

1834 

1894 


1 

Gfi 

I 

421 

560 

697 

832 

96.) 

1097 

1228 

1.350 

1682 

10.50 

2056 

2151 

2236 

2312 

« 

1 

72 



024 

777 

928 

1076 

1222 

1367 

1512 

1875 

2234 

|2440 

2563 

2666 

2760 

61, 

1 

78 



091 

8.50 

102.) 

1 IS9 

1352 

1514 

1675 

2075 

2460 

2858 

3002 

3124 

3235 

7 

1 

84 


' 


039 

1 120 

1300 

1479 

16.57 

1833 

2271 

2703 

31311 

3466i 

3600 

3741 

7H 

VA 

90 




078 

1168 

1 3511 

1.54:3 

1720 

1913 

2370 

2821 

3208 

37111 

3863 

4005 

1 8 

IH 

9ti 





1260 

1166 

1()70 

1872 

2072 

|2568 

30.57 

3.542 

402:0 

4385 

4556 

i 

VAi 

102 




j 

1358 

1578 

1797 

201.5 

2231 

2765 

3202 

3815 

4:1.3414850 

5122 

1 « 1 

ni\ 

108 




1 


16.3? 

1863 

2088 

2311 

[2864 

3412 

39.55 

440:! 

5026 

5416 

! m 

ih\ 

114 




1 


1749 

1990| 

2231 

2471 

.3<M>3 

3649 

4230 

4801)1.5:178,5945 

i 10 1 

1H\ 

120 




■ 

1 


21 101 

2375 

2630 

3261 

3S.8(il 

4.5l)6i 

.5 121): .573016:1.35 


Allowable Fiber Stress: Ste(il, 


I (>,000 and CoiKTete, O.'JO Pounds per Scj. Inch 
Es Ec -15 


Slab of 1 Sq. Ft. 


Area of Steel Reinforceincnt in Square Iticbes per Foot of Width 


1% 

§1 


— 

.. __ 

— 

— .. 

__ „ 


. 


_ 






J-g 


.a>§ 














q 



.10 

.20 

.30 

.40 

.50 

.60 

.70 

.80 

.90 

1.^0 

1.10 

1.25 

1.50 


u 

30 

209 

353 












3 


36 

272 

525 

690 













42 

335 

650 

858 











4 


48 

398 

775 

1135 

1245 










iH 

h 

54 

461 

900 

1235 

1584 










5 

1 

60 

407 

961 

1412 

1766 

1894 










1 

66 

558 

1087 

1600 

2101 

2.312 









6 

1 

72 

621 

1213 

1787 

2340 

2700 

2922 










78 

GS6 

1:140 

1975 

2506 

3205 

13431 


i ' 






7 1 

1 

' 84 

751 

1466 

2162 

3844 

.3515 

3974 

4173 




1 

1 

1 

i ! 

7H 

i/'-i 

90 

783 

1.531 

2257 

2960 

3669 

|4254 

4465 

[ 


1 


i 1 

j 

8 


96 


10.58 

:?446 

3218 

:i977 

14728 

5097 

5:!0!) 

.5494 

5674 


1 ! 


m 

lU 

102 


1785 

2634 

3467 

4288 

'5099 

5734 

5982 

6206 

6410 




9 

IH 

108 


1849 

! 27.30 

:1594 

4444 

6283 

6069 

63.38 

! 6574 

6790 

1 


: 


1,'2 

114 


1077 

2919 

3845 

4757 

6656 

[6643 

7063 

i 73:!0 

7575 



j 

10 

IH 

120 


2104 

|3109 

4096 

5068 

6027 

6974 

7826 

8120 

8392 




m 

1?4 

126 



3205 

4222 

5224 

'6213 

7192 

!8H!3 

18525 

8817 

I 9070 

94.32 

0930 

11 

IH 

1.32 



3395 

4475 

5537 

6588 

7625 

8652 

|0359 

9681 

9972 

10369 

10936 

iiK 

IH 

138 



3586 

4726 

5850 

1 0960 

8058 

9145 

102241 

10576 

[10898 

11337 

11069 

12 

1 2 

144 



'3681 

4852 

6007 

>7148 

1 8270 

1 9393 1 

lOSOOj 

11037 

11.376 

>11858 

12404 


Concrete mixture 1:2:4 or 1:2H:5 carefully graded 
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TRIANGLE MESH CONCRETE REINFORCEMENT 


AMERICAN BTEBL AND WIRE COMPANY STANDARD 


* ■" " ■- '" * T *' ‘ ' J *’' *' * ■ * ' '•* ' * * • • • •• *V*'- '• ■> • - ■ •*• - y. ; f V. I». J 

•fism ^smxr 


Trianfirle Mesh Reinforcement 


Ultimato Strength 
(niiniimim), So, 000 lbs. 
l)cr square Inch 
Elastic Limit (mini- 
mum), T).'}, 000 lbs. per 
s(iuaro inch 



Longitudinal Wires, 
Spaced 4" Centers 

Cross Wires, 

Spaced 4" Centers 


Triangle Mesh is a woven fabric of cold drawn steel wire, providing a 
continuous reinforcement, an even distribution of metal, and a iierfect bond. 

Made with both single and stranded tension members in lengths up to 
300 f«iet and in widths up to 58 inches. 


TRIANGLE MESH— STYLES. AREAS. AND WEIGHTS 



i Longitudinal Wires 

Cross Wires 

! Total Area i 

1 fo** 1 

..... 

Stylo 

Nuiiibor 

1 Number 

iA.’s.&W. 

Area 

A.S.AW. 

Area 

Approximate 
Weight of 

! in 

Co. 

per Foot, 

('o. 


Widlh 

UK) Sq. i't,. 


Each 

(lage No. 

S<i. In. 

Cage No. 

Sq. In. 


Pounds 

* 1 

1 

1 

6 

.087 

14 

.025 

.102 

4.3 

5 

8 

.062 

14 

.025 

.077 

34 

! 0 

1 

10 

,043 

14 

.025 

.058 

27 

* 7 


12 

.026 

14 

.025 

.041 1 

21 

*23 

1 

H" 

.147 

12'$ 

.0.38 

.170 i 

72 

24 

1* 

4 

.110 

12'$ 

.038 

.142 ; 

62 

2.) 

1 

5 

.101 

12'$ 

.038 

.124 ! 

55 

♦2(» 

1 

6 

,087 

12«$ 

.038 

.110 ' 

50 

*27 

1 

8 

.062 

12'$ 

.038 

.085 

41 

28 

1 

10 

.043 

12'$ 

.038 

.066 

34 

21) 

1 

12 

.026 

12'$ 

.038 

.049 

28 

31 

2 

4 i 

.238 

12'$ ^ 

.038 

.261 

106 

; 32 

2 


.202 

12'$ 

.038 

.225 

92 

33 

2 

6 

.174 

12'$ 

.038 

.196 

82 

34 

2 

8 

.124 

12'$ ; 

.038 

.146 

63 

i S5 

2 

10 

.086 1 


.038 

.109 

50 

i 

2 

12 

.052 I 

12'$ 

.038 

.075 

37 

*38 

3 

4 

.358 : 

12'i 

.038 

.380 

151 

i 31) 

3 i 

5 

.303 ! 

12 'a 

.038 

.325 

130 

40 

3 1 

6 

.260 1 

12 '2 

.038 ! 

.283 

114 

1 41 

3 

8 

.185 , 

12'$ 

.038 

.208 

87 

*42 

3 

11) 

.121) 1 

12]h 

.038 1 

! .151 

66 

i 43 

I 

12 1 

.078 1 

12'.$ j 

.038 1 

I 1 

47 


Rolls— Lengths: 150, 200 and 300 feet. Widths: 18, 22, 26, 30, 34. 38, 42, 46, 50, .54, and 58 inches. 


i i ‘8 furnished either with or without galvanising; unless otherwise specified 

I material will be shippal not galvanized. 

j Styles marked are usually carried in stock by American Steel and Wire Company. 


333 



CARNEQIE STEEL COMPANY 


BUCKLK PLATES 



I Buokle Plates, as g(‘norally used on highway bridges with paved i 
I floors, are subjected to a conceiil rated live load duo to the weight of a i 
I wagon or truck wheel and to a uniform dead load diKJ to the weight of j 
I the roadway paving. ! 

Buckle Plates should be placed with the buckle turned down; then | 
I the live load which can be placed on a buckle in addition to the ! 
uniform dead load can bo obtained from the following formula. Let: j 
P —Total allowable concentrated load on buckle plate, in pounds. | 
w ---Uniform load, in pound.s per square foot. j 

d —Rise of buckle, in inches. i 

1 —Length of buckle, in inches. I 

b —Width of buckle, in inches. i 

t =ThiGkne8S of buckle plate, in inches, ! 

p t f pounds, buckle. . I 

\ Gd+lot / I 

The following table gives, for a fiber stress of 9000 pounds, the | 
maximum concentrated live load in pounds allowed on buckles (t urned 
down), in addition to a uniform load assumed to be the average 
weight of paving, etc., of 120 pounds per square foot. 


Thickness of 


Rise, d, : 

in Inches 


Buckle Plato, 
Inches 

2 


3 ‘ 


Vi 

20000 

22000 

22000 

22500 

'jiu 

30000 

33000 

34000 

34000 

% 

41000 

45000 

. 47000 

47500 


53000 

5S000 

61000 

63000 


The total allowable unifomdy distributed load which a buckle 


plate will safely support may be obtained from the formula: 

W — 12 fdt pounds, per buckle. 

When the buckles are turned up, use one-third of above values. 


3.34 



FLOOR PLATES 

BUCKLE PLATES 

AMERICAN BRIDGE COMPANY STANDARD 




1 ' !l2 


1 

Is 


1 M 












• « 

• • • 

• 

• ■ • • 


» - 


1 ^ 



\ 

/ 



/' 


\i 

/ 

• 

1 


• ■' \ 


/ 



/ 

\ 



\ 

• 

1 

: 


• • 

. • • 

• . . 

► • • • 

• »* 

1* * ‘ 


' -p' 


1 

Si/-c of Buckle 

Hise 

Hadii of 


Sidcl. 

Side 

l>, 

d, 

In. 

Side 1, 

« 

FL.- 

lu. 

Ft.- 

In. 


Ft.-Iu. 

1 

8- 

1 

1- 

fi 

3% 

6- m 

2 

4- 

0 

8- 

1 

8.4 

8- 9J-« 

8 

8-11 

8- 

fi 

3 

7- 94 

4 

8- 

fi 

8- 

1 

3 

fi- .8 


8- 

9 

8- 

9 

3 

7- 1% 

h 

8- 

1 

3- 

9 

8 

4-10,4 

7 

8- 

9 

3- 

1 

8 

7- 1% 

8 

8- 

8 

8- 

8 

2 

ID- 2 

9 

2- 

8 

3- 

8 

2 

5- 6 

10 

8- 

8 

2- 

8 

2 

10- 2 

11 

2- 

2 

3- 

8 

2 

3- 7k 

12 

.8- 

8 

2- 

2 

2 

10- 2 

18 

8- 

0 

8- 

0 

2 

fi-10 

14 

2- 

9 

2- 

9 

3 

3-10% 

19 

2- 

6 

2- 

9 

24 

3-10 k 

20 

2- 

9 

2- 

6 

24 

4- 7 % 

21 

2- 

fi 

2- 

6 

24 

3-lOk 

22 

8- 

5 

3- 

6 

•3 

5- 111",, 

28 

3- 

fi 

3- 

5 

3 

fi- 3 

24 

8- 

fi 

3- 

9 

3 

6- 3 

25 

3- 

9 

3- 

fi 

3 

7- 1% 

20 

3- 

2 

8- 

1 

3 

5- \\l 

27 

3- 

1 

8- 

2 

3 

4-10% 

28 

3- 

0 

3- 

1 

3 

4- 74 

29 

3- 

1 

3- 

0 

3 

4-10% 

.80 

2- 

0 

2- 

0 

24 

.8-1 Ok 

81 

2- 

0 

2- 

6 

24 

2- OA 

32 

5- 

fi 

3- 

6 

34 

13- lS.i 

88 

3- 

fi 

5- 

6 

34 

5- 4% 

84 

4- 

0 

4- 

0 

3 

8- iH 


Side b, 
Ft.-In. 

8- 

0- 85 
6 - 8 
7- m\ 
7- ml 

7- 1J'« 
4-1 
l()- 2 
10 - 2 
T)- 5 
10 - 2 

8- 7k' 
0-10 
8-10% 

4- 7% 

3-ioK 

3- lOk 

6 - 8 

5- 1 li‘ 

7- 1%| 

6- 3 

4- 10%| 

4- 7:_ 

2- fil'd I 

3- lOk 

5- 4 % 
18- liill 

8- Ua 


Nunibef 
of I 
BuckleSj 
in One ].;nd Flangea 
Plate 1 l,,l„ 


Widths of Flanges and Fillets 


I to K 
I 1.0 7 
1 to 8 
I to 9 
I to 8 
1 to 10 
to 8 
Ito 8 
1 toll 
1 to 
1 to 14 
ItO 8 
1 to iq 

I to 1 

II to 12 
Ito 11 
Ito 12 
Ito 9 
Ito 9 
1 to 9 
llto 8 
I to 9 
1 to 10 
Ito 10 
I to 10 
1 to 12 
1 to 15 
Ito 5 
Ito 9 
I to 




aj M (D 
“ • cJ 

^ I si 

a 

sS 

d 

II I 

§ 

A 


tv 


Fillets 

U 


Plates are alccl jV', or I’i" thick. 

Plates of greater length than given in table may be made by splicing with bars, angles, or tees. i 
All plates are made with buckles up, unless otherwise ordere<i. When buckles are turned down, , 
a drain hole should bo punched in the center of each buckle and should be shown on sketch. 

Buckles of different sises should not be used as it increases the cost of the plate. 

Connection holes are generally for M'^or%" rivets or bolts. Different siaed holes in 
same plate will increase the cost of the plate. 

Spacing for holes lengthwise of plate should be in multiples of 3" and should not exceed 12". 
Odd spaces to be at end of plate and in even Minimum spacing crosswise 4%", usually 6". 

Die number must be shown on drawings. 

Sketches for Buckle Plates should indicate allowable overrun in length and width. 



CARNEQIE STEEL COMPANY 


TROUGH PLATES 



Single Section Ilivetwi, Section 


S«!tio« 

lu<lox 

Size, 

Inches 

Weight 
per P’tmt, 
Pounila 

n, 

Inches 

<i. 

Inches 



Weight per 
S(iuare Foot, 
Pounds 

Section 

Moduhis, 

One Foot Width, 
Inches'* 

M 14 

X a 

23.2 


03 z 

34.8 

15.58 

M 13 


21.4 i 

i « 

6H 

32.1 

14.28 

M 12 

Dili X .3 

19.7 1 

8 

QH 

29.6 

13.00 

M 11 

lOHxSH 

18.0 ' 

1 8 

m 

27.0 

11.79 

M 10 

0 ’ -5 X 3 

tfi.3 ! 

8 

C)_ _ 

24,.') 

10.69 


Allowable Uniform Taiad in Pounds per Square Foot 




Span 

Fiber Stress, 10000 Lbs. per Sq. In. 

Fiber Stress, 12000 Lbs. per Sq. In, 

Feet 

M14 

M 13 

M12 

MU 

MIO 

M14 

M 13 

M12 

MU 

MIO 

.5 

6647 

6093 

5547 

5030 

4561 

4980 

4570 

4160 

3773 

3421 

6 

4616 

4231 

3852 

3493 

3167 

3462 

3173 

2889 

2620 

2376 

7 

3392 

3109 

2830 

2507 

2327 

2543 

2331 

2124 

1925 

1745 

8 

2597 

2380 

2167 

1965 

1782 

1948 

1785 

1025 

1474 

1336 

9 

2052 

1880 

1712 

1553 

1408 

1539 

1410 

1284 

1104 

1058 

10 

1662 

1523 

1387 

12.58 

1140 

1246 

1142 

104«^ 

943 

855 

11 

1373 

1259 

1146 

1039 

1M2 

1030 

944 

860 

780 

707 

12 

1154 

1058 

963 

873 

792 

866 

793 

722 

655 

504 

13 i 

; 983 

901 

821 

744 

675 

738 1 

076 

[ 615 

558 

506 

U 1 

848 

777 

707 

642 

582 

636 

583 

531 

481 

436 

15 

739 

677 

616 

559 

507 1 

1 5.54 1 

509 

1 402 

419 

381 

16 

649 

595 

542 

491 

445 

1 487 

446 

406 

368 

334 

17 

575 

,527 

480 

435 

395 1 

431 

395 

360 

328 

296 

18 1 

513 

470 

428 

388 

3.52 j 

385 

353 

321 

291 

264 

19 

400 

422 

384 

349 

316 

346 

316 

288 

261 

237 

20 

415 

381 

347 

314 

285 1 

312 

286 

260 i 

236 

214 


1 The values given in above tables are the safe loads per square foot of floor 1 
i surface and are based upon the average resistance of the riveted portion within 
I distance, a. 

I The weight of the plates are included in the safe loads and must be deducted | 
to obtain the net superimposed safe load. * / . ^ 

Safe loads for other fit>er stresses than those given in table may be obtained | 
from the values given by direct proportion of the fiber stresses. j 

I The weight per square foot does not include the weight of rivet heads or j 
I other details. j 
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FLOOR PLATES 

CORB.UGATED PLATES 



Secliun 

Index 


M H5 
M 34 
M 33 
M 32 
M 31 
M 30 


Siuifle Section 


Sixe, 

Weight per , 

Rounds 


Inches 

inches 

12ia X 2J-8 

23.7 ; 

12i^rt 

12lhx2i3 : 

20.8 : 

12il, 

12t=Is X 2U 

17.8 

12,^, 

85^x15^ 

12.0 1 

SU 

8Mx1x*'6 

10.1 ! 

8M 

SMxlH 

8.1 : 

8;V 


Riveted Section 


d, 

Inch«-a 

Weight per 
Square Foot, 
Rounds 

Section 
Modulus, 
One Foot 
Width, 
Inches'* 

2J« 

23.3 

4..39 

213 

20.4 

3.84 


17..5 

3.28 

IH 

10.5 

1.95 

llo 

13.8 

1.55 


11.5 

1.10 


Allowable Uniform Load in Pounds per Square Foot 


|l . " ' ' I; ■" " ■■■■ 

Span Stress, 16000 lbs. per sq. in. Fiber Stress, 12000 lbs. per sq. in. 


Feet 

M 35 

M 34 

M 33 

M 32 

M 31 

M 30 

M.35 

M34 

M 3.1 

M 32 

M 31 

M30 

5 

1873 

1638 

1400 

832 

661 

469 

1405 

1229 

1050 

624 

496 

362 

0 

1301 

1138 

972 

578 

459 

326 

976 

853 

729 

433 

344 

244 

7 

956 

*836 

714 

425 

337 

240 

717 

627 

536 

318 

2.53 

180 

8 

732 

640 

547 

325 

258 

183 

549 

480 

410 

244 

194 

138 

0 

578 

506 

432 

257 

204 

145 

434 

379 

324 

193 

153 

109 

10 

468 

410 

360 

208 

165 

117 

351 

307 

262 

156 

124 

88 

11 

387 

339 

289 

172 

137 

97 

290 

255 

217 

129 

103 

73 

12 

325 

284 

243 

144 

115 

82 

244 

213 

182 

108 

86 

61 

13 

277 

242 

207 

123 

98 

69 

208 

182 

155 

02 

73 

52 

14 

239 

209 

179 

106 

84 

60 

179 

157 

134 

80 

63 

45 

15 

208 

182 

156 

1 

92 

74 

52 

156 

137 

117 

69 

51 

30 


i The values given in above tables arc the safe loads pur square foot of 
j floor surface and are based ui)on tlie average resistance of tlie riveted portion 
: within distance,a 

I The weight of tlie plates are included in the safe loads and must be 
! deducted to obtain the not superimposed safe load. 

I Safe loads for other flber stros.sos tlian those given in table may be 
I obtained from the values given by direct proportion of the flber stresses. 

I The weight per square foot does not include the weight of splice bars, 
j rivet heads or other details. 
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CHECKERED PLATES 




Width, a 



Section 

Index 

Miiiimum, 

Maxiimuii, 

Thickness, 

t. 

Inches 

Weight wr 
Sejuare Foot, 
Pounds 


Inches 

Inchta 

U 54 

12 

<»0 


21.4 

M 53 

12 

(>0 

la 

18.9 

M 52 

12 

00 

H 

10.3 

M 61 

12 

(•>0 

i« 

1 13.8 

M 50 

12 

00 

H 

1 11.2 

M 49 

12 

48 

A 

8.7 ' 


Section 

, Modulus for 
lOneFoot Width, 
Inches*'' 


0.r)00 

0.383 

0.281 

0.195 

0.125 

0.070 


Allowable IInifoum Load in Pounds per Squake Foot 


Fiber Stress, 16000 P(>uud.s per Sciuurelnch jj Fiber Stress, 12000 PoudKs per Sciuare Inch 


' in 

; Feet 

M 54 ! M 53 

M 52 

M51 

M50. 

M49 

M54 

M53 

M52 

M51 

M50 

M49 

i 1 

5333 

4083 

3000 

2083 

1333 

716 

4000 

3064 

2248 

1560 

1000 

560 

' 2 

1333 

1021 

750 

520 

333 

187 

1000 

766 

662 

390 

250 

140 

; 3 ' 

693 

451 

333 

232 

148 

83 

444 

340 

250 

173 

111 

62 

i 4 

333 

255 

188 

130 

83 

47 

250 

191 

141 

97 

63 


i 5 

213 

103 

120 

83 

63 


160 

122 

1 90 

62 



1 6 

148 

113 

83 

68 



111 

85 

62 




1 7 

109 

83 

61 


1 


82 

63 





; 8 

83 

64 



i 


62 



1 



. 9 

66 









1 I 
1 i 

i 

i 


Tlie values glvon in alx)vo tablo are the safe loads per square foot of 
! plates supporte^d on two sides only and are based upon the resistance of I 
rectangular sections, 12 inches by the net section, t. ! 

The weight of the plates are included in the safe loads and must be { 
deducted to (mtain the net superimposed safe load. ! 

Safe loads for other liber stresses than those given in table may be ! 
obtained from the values given by direct proportion of the fiber stresses. 
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ROOF CONSTRUCTION 


ROOFS AND ROOF LOADS 

The design of roofs and the selection of suitable roofing materials 
: depend on the character of tlie building, whether monumental, 
[)iiblic, residence, mill or shop; permanent or temporary; geo- 
graphical location as regards allowance for snow and wind loads, 
;ind also availability of materials and familiarity of worknu'ii 
with the construction; atmospheric conditions as concerns presence 
of industrial or other ])lants pT'odiUMng dehderious gases; wat<T- 
• tightness or resistance of thereof layers to penetration of water, 
snow or ice under storm and long continued exposure; wind 
resistance or the sl-rength of mat (‘Hals to resist displac'cment of 
, the entire surface or disruption bet ween points of sui)port; type 
and })itch of roof, whether self-supporting on wide spans or 
ri'(piiring the use of sli(\‘ithing, and whether materials can be laid i 
: safely on steep surfaces. i 

: A i^ood roof on a permanent structure should l)e fireproof from | 

within as well as without, made of refractory matcnaals supported I 
; by eipially refractory framing. Jt. should last without, repair as | 
long as the building stands without repair. Its maintenam^e cost j 
; should be low and its materials purchased on the probable life and | 
service of the structure. j 

Snow Loads. The snow loads on roofs varj^ wdth the geographical 
location, the altitude and humidity of the place, and with the slope 
! of the roof. Where snow is likely to occur, the minimum load per 
i horizontal square foot of roof should be takrm at 25 pounds for all 
: slopc^s up to 20 degrees; this load to be reduced one pound for each \ 

. d(‘gree of incaease in slope up to 45 degrees, above which no snow 

■ load need be considered. In severe climates these loads should be 

■ increased in accordance with actual conditions. Regard should 
I also be taken to the possibility of partial snow load with local 
I concentration. 

I Wind Loads. These vary also with the geographical location and 
j the slope of the roof, and, when not fixed by building laws, are 
J usually taken as acting horizontally at 40 pounds per square foot 
j on vertical surfaces of the most exposed structures, and 30 pounds 
on less exposed structures. On inclined surfaces only the normal 
components of the wind pressure need be considered. The following 
normal pressures are based on the formula given by Hutton: 
Pn = P (sina) l-84cosa — i, ^here P is the direct horizontal 
pressure assumed at 30 pounds per square foot on the vertical 
surface and Pn the normal pressure on a unit of surface, sloping 
at angle a with the horizontal. 
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Normal Wind Pressure, in Pounds per Square Foot 


1 Slope 

Preasiirc.Pn, 

per 

Slope 

Pressure, Pn, 
per 

1 Slope 

Pressure, Pn, 
per ! 

Slope 

Pressure, Pn, 
per 

1 

Square Foot, 
Pouads 


Square Foot. 
Pounds 


Square Foot, 
Pounds 

a° 

Square Foot, 
Pounds 

j “'v"! 

3.9 

20 

13.8 

1 35 

22.6 

50 

28.6 

1 10 

7.2 

25 

17.0 

1 40 

2.5.0 

65 

20.6 

I 15 1 

10.7 

30 

19.9 

1 45 1 

27.0 

60 1 

30.0 


I P\)r other j)rossurey than 30.j)oun(ls per squar<^ foot, the values 
i given above change in proportion. For slopcs*over 60° the viilues 
i given for 60° are applied. 


I Combined Roof Loads. In climates corresponding to that of 
; Pittsburgh, and wlicre the roof loads arc not fixed by building 
! laws, ordinary roofs up to 80 feet span should carry the following 
j minimum loads p(rr square foot of exposed surface, applied verti- 
; call}', to provide for dead, wind and snow loads combined. ; 


Uoof Covering 


Ro<)f Load 
per 

Square Foot, 
Pounds 


I Gravel or [on boards, /luL slope. 1 to 0 or less 

j Composltioii|oji boards, steep slope, nioro than 1 to 6 
Roofing [on 3 inch flat tilo or cinder concrete . . . . 

Corrugated sheeting on boards or purlins 

Slate boards or purlins 

ton 3 Inch flat tilo or cinder concrete . . . . 

Tile on steel purlins 

Glass 


r)0 

ir> 

60 

40 

60 

65 

65 

46 


For roofs in climates where no snow is likely to occur, reduce ; 
these loads by 1 0 pounds per square foot, but no roof or any part ' 
thereof should be designed for a total live and dead load less than i 
40 pounds per square foot. 


Roof Covering. As stated above, suitable protection of a building 
against rain, snow, etc., depends on the character and location 
of the building, and the slope or pitch of the roof. Tin, tar, gravel, 
asphalt roofing.s and similar compositions arc used for flat roofs; 
slate, tiles, and tin arc used for slant roofs of public buildings and 
residences, shingles for smaller dwelling houses, and corrugated 
sheeting for shops and warehouses. Slate, tile, tin, and shingles 
are usually attached to a layer of planking, called sheathing, 
which in turn is supported by rafters, often called jack rafters, 
resting upon the roof purlins, or placed directly upon the purlins 
of the roof. 


I 

I 

I 
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ROOF CONSTRUCTION 


Approxi mate Weight of Roofing Material 


llooBng Material 


(^)I)pCir, No. 22 JJ. W. G 

Corrugated galvanized Iron, No. 20 Ji. w! (i. 

Corrugated galvanized iron, No. 2(> U. W. G.. 

Felt, 2 layer.s 

Felt and asphalt or coal-tar ! 

Class, inch thick. . 

La( h arul jdaster cciliiig 

Lead, H Inch thick ‘ 

ISIackite, 1 inch tliick, M idi plaster 

Slieathing, hemlock, 1 inch thick 

SiKjathing, white pine, spruce, 1 iiu-h thick 

Sheatlilng, yellow pine, 1 incli tliick 

Shingles, 6xlS inches, 6 inche.s to weather 

Skylight, glass to 3 a inch, including frame 

Slag roof, d-ply, with cement and sand 

Slate, inch thick, 3 inch double lap 

Slate, 1 % ineli thick, 3 inch double lap ] . . 

'rerneplalt!, IC 

Ternojilate, IX ] ] [ 

'i'flcs (plain), 103^x0 lnclu«, .'>34 Inches to weather . ! ! 
liles (Spanish), 14311x1031! inches, 734 inches to weather.. . 
Zinc, No. 20 B. W. G 


Weight 

per 

Sq. Foot, 
Pounds 


U4 
2 k 
Ik 

2'^ 

Ik 
(i s 
7k 
10 

2H-2H 

4-10 

4 

4H 

r>?4 

'i 

H 

18 

83dj 

134 


Roof Trusses. Trusses are used where'wide roof openings arc to be 
spanned; they form a structure of coiniircssion and tension mendxTs 
! and produce vertical reatdJons under vertical loads; the total load 
; of the roof, that is, the weight of the truss, jiurlins, roof covering, 
; ociling, and often also the snow and wind load, is usually considered 
: a uniformly distributed load, equally divided between the two 
; supports and producing equal and vortical end reactions. 

The ijurlin^ usually rest on the upper cliord of the truss, trans- 
mitting to the latter the load of the roof covering, the wind and 
; snow load, that of the jack rafters and their own, and are often so 
! arranged as to carry the dead load directly to the tru.ss joints or 
j panel jioints to avoid transverse stre.sses. The distance between 
; two consecutive joints of the top chord is the panel length, the dis- 
I tanci! between two adjacent trusses tlie bay length, 
i The transverse strength of the sheathing or of the corrugated 
I iron used for the roof covering generally determines the spaces 
I between the jack rafters or the purlins. These purlins or rafters 
I are small steel shapes, such as beams, chanru'ls and angles, or 
i wooden beams, if the roof is not of fireproof construction. 

Weight of TruBBes. As a basis for the preliminary design of a steel 
; truss for a given span, h, and a roof load of about 40 pounds per 
I square foot, the approximate weight is: 

I > Vs (i/L + Vh L) pounds per horizontal square foot, 
j For greater loads multiply formula by ratio: load per sq. ft. 40. 
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TRUSSES— Formula for Stresses and Lengths 



_SIMPLE FINK TRUSS 


_ n^=^L/H 2 cot a 


Memberj 

Stress 


1 Length 

Aa 

+ %\n’+4 

xW 

Vi L srea 

Bb 

+'^(^n»+l) 

xW 

Vi L sMa 

U 

— kin 

xW 

Vi L sre’o 

Lo 

— - Vkn 

xW 

L (1— Vk ««c'a) 

ab 


xW 

Vi L .soca tana 

be 

— Vkn 

xW 

V« L sec’a 



COMPOTJN^FINK JiTRUSS 


Member I 


Db 

Ce 

Dr 

u 

Lc 

u 

•b, «r 


be.de 

<U 

ft 


Stress 


+ V!IT+4 


1— %n 
— ftn 


Leugth 


H Lii«c« 

H L wca 
Vk L tteca 
H L a«ca 
H L scc'a 
H L aec'a 
L (I— Hflec*a) 
Vk LiK>catMa 

^ L MCatana 
Vk L sec'a 
H L (cc'a 
H L 8 «c'a 



nj=L^I I^_2 cot a 


u 

Ld 

U 

!i»b,bc,ll 

Ifg-sh/ 


com pound'fan truss ” 

Stress j Length 

M.*ca 
IV Hi L wca 
IV Vit L Mca 
IVH.Liieca 

Hi L Hera 

^Lfec*a 
K.Lsec*a 
L(l-HHcc'a) 


’'Wk 

■*"^'i+V*HiD*+3)xWH 


. n\n«+40n' + U4 J 


'atft&'a 


i"' 

hi 


itW H L Hecatana 


Vk Laec’a 
VkL#ec*a 
Vk LM!C*a 


Values of n 
Values of g 


L__ « I — %n xw| H L aecN 

C oomcients for Calcu lating Le ngths of Truss Members 


sec a 
sec® a 

sec tt tan a 

|/ f sec® a tan^o 


■■?3°4U244 


1.2018 

1.4444 

0.8012 



2 cot 30° 
30° ~ 

30°15'23» 

1.1577 

1.1547 

1.3403 

1.3333 

0.6753 

0.6667 

0.7778 

0.7698 


1.1180 

1.2600 

0.5590 

0.6718 



5 

22°37'12» 

21°48'6" 

1.0833 

1.0770 

1.1736 

1.1600 

0.4514 

0.4308 

0.5781 

0.5608 


18*^26' 6" 


1.0541 

1.1111 

0.3514 

0.4960 
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Member 

n 

— Span -r 

Height -7 

2 cot a 

3 

24/7 

2 cot 
30° 

4 

24/5 

5 

6 

.\a 

2.70 

2.98 

3.00 

3.35 

3.90 

4.04 

4.74 

Bb 

2.15 

2.47 

2.50 

2.91 

3.52 

3.07 

4.43 

Jia 

2.25 

2.57 

2.60 

3.00 

3.60 

3.75 

4.50 

J.e 

1.50 

1.71 

1.73 

2.00 

2.40 

2.50 

3.(X) 

ab 

0.83 

0.86 

0.87 

0.89 

0.92 

0.93 

0.95 

Iw 

0.75 

0.86 

0.87 

1.00 

1.20 

1.25 

1.50 


n — Spun : HeiRht ~ 2 cot a 


Member 

3 

24/7 

!2cot 

30° 

4 

24/5 

5 


Au 

4.51 

4.98 

5.00 

5.59 

6.50 

6.73 

7.01 

Bb 

3.54 

3.90 

4.00 

4.55 

6.38 

5.59 

6.64 

Cc 

3.40 

3.95 

4.00 

4.70 

6.73 

5.99 

7.27 

La 

3.75 

4.30 

4.33 

5.00 

0.00 

6.25 

7.60 

Ld 

J.25 

2.57 

2.60 

3.00 

3.60 

3.75 

4.50 

ab, lie 

0.93 

0.99 

1.00 

1.08 

1.18 

121 

1.34 

cd 

1.50 

1.71 

1.73 

2.00 

12.40 2.50 ! 

3.00 



n — L/H— 2 cot a 



Meinl)er 


Aa 

Bb 

Ce 

Df 

La 

Lg 

ab, of 
cd 

be, do 

dg 

fg 


II — Span Heiglit = 2 cot a 


3 |24/7 gjo^l 4 1 24/5 


11.07 

10.75 

10.43 

10.12 

|10.50 

9.00 

6.00 
0.95 
1.90 


Mendier 


Aa 

Bb 

Cc 

Df 

Eg 

Fh 

La 

U 

Li 


1.50|'ab,bo,fg,ghl 
3.00|| do 
4.50il ed. of 


n -- Span : Height = 2 cot a 


3 124/7 ||?!‘] 4 j24/5j 5 


10.91 11.00 12.30 14.30'l4.81 17.39 


9.91 10.00 11.25 13.18;13.66:16.13 


9.91,10.(X) 1 1.40,13.5314.07:16.76 


9.40 9.50,10.9013.1513.7016.44 


8.4d 8.50'l0.06 12.38 12.96:15.93 


8.60 9.91 12.02 12.55 15.18 


9.53|11.0()13.20;i3.76il0.50 



i 13.60 
9.00 
1.34 
2.85 


4.50 

7.50 


The pitch of a truas is tho ratio of the rise or height to the span length of the truss, 
^itch H/L = i/n, n — L/H — i /pitch. 

To obtain the stress in any member of a given truss, multiply the corresponding coefficient by 
be panel load W. 


Compression members are designated by + and tension members by — 
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r , 

j TRUSSES — Fohmulas roa Stresses and Lengths 



i M^ber Str(Mfl ! U-nicth Membdrl Str^s ! LenRth 

Aa. Bb +Ji|/n^+ 4x\VM L soc a Aa. Bb' I- 4 xW L sec o 

La — n xW>4 L Cd |+ 4 xw!v« L see a 

Lc n xW'H L La i-% n xWVa L 

+1 xW ,4 h Lc i— n xWVo L 

be f-l(ixWjM|/Ij» + Jfih-i Lo n xW */« L 

I ah !+ I xW Mj h 

j ed \+% xW?fs h 

j I be pi/,^/,^+]6 xW Vo-i/Ls + lOha 

• j_ I x\V,f?, -] /L=i+3()ha 



Member ^Stre88_ _ Length Member Stress Length | 

Aa, Bb fT,4-/ n'^+ 4 xWVi L see a Aa, Bb 4 xW A L sec a 

Cd 4 xW^h L sec a | Cd + 2i/ n2+4 xWA L sec a ! 

Df +%|/na4- 4xWMi L sec a 1 Df xWA Lseca j 

La V4 n xW Wi L PBi +%-y/ 11^+4 xWA Lseca i 

Lc n xW % L I La -% n xW * L ! 

Le -r>4 n xW|i/« L Lc -2 n xWi\, L I 

Lg - n xWy* L -74 n xW* L | 

ab +1 xWji/i h Lg n xW^ L 

cd +% xW|^ h I IJ -JH n xW% L 

+2 ^xWj% h ab +1 xWVh h 1 

be —Ui/ na I- le xWj^hi/ La f Kihg ” cd +% xW% h 

do —Ui / ng F:J0 x W V si/La+aCha^ ef . +2 xW% h I 

fg ’ -44vn3+04xWVh>/La+64h3 gh +% xW% h ! 

be -V4i/ na+ 16 xWi\.T/La+16 h» j 
de -Ui/ naf 3 0 xWa^L 3+ 3ah» ! 
fg -V4i/ na+ 0 4xWAT/g»~-r'64ha 1 

hi -y4v/na+iooxw)i\,v/P+T555» 
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TRUSSES — Coefficients of Stresses 




.- k’T w 


11 — Ij/Hr^ 2 cot a 


-J 

3W 


Member 

n 

= Span ' 

Heijht — 

2 cot a 

Member 

n 

— Span 

Height — 

2 cot a 

3 

24/7 

2 cot 
30“ 

4 

24/5 

5 

6 


24/7 

4 

24/5 

5 

6 

Aa, Bb 

2.70 

2.08 

3.00 

3.35 

3.90 

4.04 

4.74 

Aa. Bb 

4.51 

4.96 

5.00 

5.59 

6.50 

6.73 

7.91 

La 

2.25 

2.57 

2.60 

3.00 

3.60 

3.75 

4.50 

Cd 

3.61 

3.97 

4.00 

4.47 

5.20 

5.39 

6.32 

Le 

1.50 

1.71 

1.73 

2.00 

2.40 

2.50 

3.00 

[.a 

3.75 

4.29 

4.33 

5.00 

6.00 

6.25 

7.60 

ab 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

Lc 

3.00 

3.43 

3.46 

4.00 

4.80 

5.00 

6.00 

be 

1.25 

1.32 

1.32 

1.41 

1.50 

1.00 

1.80 

Le 

2.25 

2.57 

2.60 

3.00 

3.60 

3.75 

4.60 








ab 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 









;; ed 

1.50 

1..50 

1.50 

1.50 

1.50 

1.50 

1.50 








' 1 

! be 

1.25 

1.32 

1.32 

1.41 

1.56 

1.60 

1.80 


i 


1 




1 

i: 

1.68 

1.73 

1.73 

1.80 

1.92 

1.95 

2.12 
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CARNEQIE STEEL COMPANY 

CORRUGATED SHEETS 


I Corrugated sheets are used for roofs and sides of buildings. They 
! arc usually laid directly upon the roof purlins and held in place by 
! means of clips of steel hoops which encircle the purlin and are 
I placed about 12 inches apart. Special care must be taken that the 
I projecting edges of the sheets at the caves and gable ends of the 
I roof are well secured, otherwise the wind will loosen the sheets. 

I Corrugated sheets are made in the sizes given on opposite page, 
i the size most generally used has nominally 2f^-inch corrugations, 
i a<!tual width 2%inchcs, about 3^ inch in depth. The gages frequently 
I used for roofing are Nos. 20 and 22, U. S. Standard Gage. 

; By one corrugation is meant the double curve between corres- 
ponding points, and by depth of corrugation the greatest deviation 
of the curved surfaces from the straight line. 

One and one-half corrugations are allowed for lap in the width 
of the sheet and 6 inches in the length for the usual quarter pitch 
roof; one corrugation in width and 4 inches in the length of the 
I sheet is usually allowed for sidings. 

I Corrugated sheds of 2, 2^2 and 3 corrugations are furnished in 
i standard lengths of 5, 6, 7, 8, 9 and 10 feet and with a standard 
j covering width of 21 inches, when laid with a lap of either one 
I or one and one-half corrugations. 


By experiment it has been determined that corrugated sheet 
steel, ^ in(!h deep and 0.035 inch thick, spanning 6 feet, began to 
give a permanent deflection with a load of 30 pounds per sq. foot, 
and that it collapsed with a load of 60 pounds per sq. foot. 
The distance between centers of purlins should, therefore, not 
exceed 6 feet and should preferably be less than this. 


! 


Approximately the uniformly distributed safe load of corrugated \ 
sheets may be obtained from the formulas given below, using the | 
following notations: — j 


W— Total allowable uniform load, in pounds. 
b=Curvilincar width of sheet, in inches (b~l .075 x covering 
width). 

l=Un8Upported length of sheet, in inches. 


Then: W= 


t=Thickne8S of sheet, in inches. 
d=Dcpth of corrugations, in inches. 
f=Allowablc fiber stress, in pounds per sq. inch. 
4bdt ^ 8f „ 32fbdt 

Is" * isr- 


12000, W = 


25,600 bdt 
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ROOFS AND ROOFING 


CORRUGATED SHEETS 

AMERICAN BHEET AND TIN PLATE COMPANY 

Description of Sheets Areas of Sheets 



Corrugations 


Width 

Inches'^- 8 

Sq. Ft. in 1 Sheet 

Sheets in 100 Sq. Ft. 

Width, 

Inches 


Num> 

Full 

Cover- 


Corrugations 

Corrugations 



Depth, 



















Nomi- 

nal 

Actual 

Inches 


Sheet 

ing 


5" 

3",2H", 

2" 

H" 

5" 

3",2y2", 

2" 


S ! 

5 


6 

<28 

25 

60 

11.67 

10.83 

10.42 

8.57 

9.23 

9.60 

3 i 

3 

ft 

9 

26 

24 

72 

14.00 

13.00 

12. 5C 

7.14 

7.69 

8.00 


2% 


10>^ 

27^ 

24 

84 

1(».33 

15.17 

14.58 

6.12 

6.69 

6.86 


2% 


10 

26 

24 

96 

18.67 

17.33 

16.67 

•5.36 

5.77 

6.00 

2 i 

2 

ft 

13 

26 

24 , 

108 

21.00 

19.50 

18.75 

4.76 

5.13 

6.33 1 


‘S. 


20 

25 

23% 

|12() 

23.33 

21.67 1 

20.83 

4.29 

4.62 

4.80 : 


ft 

40 

25 

24% I 

1144 

28.00 

26.00 

25.00 

3..'>7 

3.85 

4.00 j 


Standard lenfftha 5, 6, 7, 8, 9 and 10 ft. Maximum length, 12 ft. except for corrugation. 
Sixes denoted * 2H we for the 27H'' width. 


i 


Painted Sheets — Weights in Pounds per 100 Square Feet. 


Cor- 


Thickness, United States Standanl Gage 


i 


In. 

10 

12 

14 

16 

18 

20 

21 

22 

23 

•24 

25 

26 

27 

28 

29 

5 


470 

336 

269 

215 

162 

148 

135 

122 

108 

96 

81 

75 

08 


3 


472 

338 

270 

216 

163 

149 

136 

122 

109 

95 

82 

75 

68 


*2 Vi 

615 

478 

342 

274 

219 

166 

151 

137 

124 

no 

97 

83 

76 

69 


2H 

607 

472 

338 

270 

216 

163 

149 

136 

122 

109 

95 

82 

75 

68 

■ ■ ! 

2 




270 

216 

163 

149 

136 

122 

109 

95 

82 

75 

68 

• ■ ! 

iH 






169 

1.55 

141 

127 

113 

99 

85 

78 

71 

• • i 

H 


1 








113 

1 99 

85 

78 

71 



Galvanized Sheets — Weights in Pounds per 100 Square Feet. 


Cor- 


1 ThieJeness, United States Standard Gage 


rug.. 

In. 

10 

12 

14 1 

16 , 

18 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

5 


486 

352 

285 

231 

178 

i 164 

151 

137 

I 2 T 

111 

97 

90 

S'F 

77 

3 


488 

353 

286 

232 

178 

165 

151 

138 

125 

111 

98 

91 

84 

77 

♦2^ 

631 

494 

358 

290 

235 

181 

167 

1,53 

140 

120 

113 

99 

92 

85 

78 

2H 

623 

488 

353 

286 

232 

178 

165 

151 

138 

125 

111 

98 

91 

84 

77 

2 




286 

232 

178 

165 

151 

138 

125 

111 

98 

91 

84 

77 

IK 






186 

172 

1,58 

144 

130 

116 

102 

95 

88 

81 

Ps 










130 

116 

102 

95 

88 

81 


The weights per 100 square feet given In proc»Jing tables do not include 
allowances for end or side laps. The following table gives the approximate 
number of square feet of shooting neces-sary to cover an area of 100 square 
feet and Is based on sheets of standard width, 96 inches long. If longer or 
shortersheots aroused, the uumbcrofsquarefeetroquired will vary accordingly. 


Sq. Feet op 2^^ In. Standard Sheets to Cover Area of 100 Sq. Ft. 


Side Lap 

1 End i^p, Inches 

1 

2 

3 

4 

1 1 

6 

1 

Corrugation 

109 

111 

112 i 

113 

114 

116 

IH 


116 

117 

118 j 

120 

121 j 

122 

2 

** 

123 

124 

126 1 

127 

129 1 

130 
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CARNEOIB STEEL COMPANY 
STEEL SHE^:T PILING 


j The introduction of steel sheet piling in substitution for wood ' 
j has made possible the extension and indeed the practical rejuvena- ■ 
I tion of the cofTerdam method of making excavations. Its use has i 
i led to great ultimate economies, greater safety in working and to 
j the extension in size and depth of open excavations to limits which 
j otherwise were regarded as impossible of attainment. The cellular i 
j cofferdam, first used in the Black Rock Lock, Buffalo, is a very ! 
I successful method for the elimination of the Expensive, slow, and 
! not always reliable, pneumatic caisson on work of large magnitude. ‘ 

I Steel sheet piling by its positive interlock enables the sub-surface ■ 
diaphragms of diaphragm dams to be made with a certainty not ‘ 
possible with wooden sheet piling, and with an economy not possible ; 
with concrete by reason of the elimination of the excavation i 
necessary in the case of the ordinary puddle core, concrete core or : 
masonry core wall. A diaphragm made of such imperishable 
materials fulfills all the requirements of the ordinary core wall with 
the additional advantage of accommodating itself, by its flexibility, 
i to slight irregularities of settlement in the dam. It is also used in ! 
j the construction of curtain walls, sea walls and loading slips, founda- ' 
j tions for cylinder i)iers, sewers and trenches, et(;. 


I In addition to temporary cofferdams, steel sheet piling has found I 
I large use in the construction of permanent retaining walls for : 
I buildings. Driven before excavation in soils containing quick- i 
i sand or water-bearing strata, its use prevents the undermining of i 
I adjacent buihling foundations by movement of the strata. It also [ 
j prevents in many cases the delay, expense and danger of under- ; 
j pinning adjacent buildings. It may be employed in this way alone j 
or reinforced by steel buckstays as .shown in the illustration, which i 
represents the method followed by D. H. Burnham & Company in | 
constructing retaining walls for the Marshall Field and Stevens | 
Building, Chicago, where sheeting with its attached buckstays was | 
driven its full depth and the basement and sub-basement floors j 
placed as the excavation went forward. The rigidity of the buck- 
stays with the bracing supported by the floors eliminated the 
necessity and expense of shoring. After excavation concrete was 
filled in between the buckstays and the total expense did not 
exceed 60 per cent, of its cost by the ordinary method. 


Typea. The Carnegie Steel Company manufactures United 
States Steel Sheet Piling, Friestedt Interlocking Channel Bar 
Piling, and Symmetrical Interlock Channel Bar Piling. 



STEEL SHEET PILING 



United States Steel Sheet Piling is a simple, plain, rolled section 
ready for use as it comes from the mill without further fabrication. 
Each piece is complete in itself and all pieces of the same width are 
interchangeable. Its profile incorporates the advantages of the 
ball and socket joint, with sufficient clearance in the interlock for 
case in driving and sufficient space for the use of a packing substance 
between its adjacent edges to insure watertightness. United States 
Steel Sheet Piling is more easily driven and pulled than any other 
section hitherto placed on the market. The reason for this is 
believed to b,e the absence of a leading groove combined with the j 
, line contact obtained in the joints. i 

Friestedt Interlocking Channel Bar Piling is a fabricated section ; 
made of channels and zee bars; unsymmctrical as regards adjacent j 
; pieces, one channel having two zee bars full length and the next j 
: adjacent channel being plain, that is, without zee bars. 

Symmetrical Interlock Channel Bar Piling is a fabricated section 
i made of channels and zee bars in which each piece has a short zee 
i bar on one edge and a long zee bar on the other. The long zee bar 
! forms the interlock with the next adjacent section, while the short 
j zee reinforces the top of the pile and serves to distribute the blow 
I from the pile driving hammer over the width of the section. 

I All the sections have positive interlocks continuous throughout 
j the entire length in both lateral and horizontal directions, affording 
j maximum strength against sidewise deflection, distortion or sepa- 
j ration of the pieces due to pressures, deformation in driving, etc. 
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CARNBQIB STBBL COMPANY 


Strength of Section. When driven and under pressure, steel sheet I 
piling must have strength similar to that possessed by any other | 
beam loaded equally or unequally with earth or water pressure, ; 
and the resistance of the piling to transverse bending can be calcu- 
lated by the known laws of flexure from the properties of the section ! 
as given in the tables on page 351. In the case of Symmetrical ; 
Interlock Channel Bar Piling, the center line of the asserablcment ' 
is not the center line of the individual members. Calculations are : 
referred, therefore, to a theoretical neutral axis and give the pro- ’ 
perties of the sections on the assumption that when interlocked : 
) they will act as a unit. In the case of United States Steel Sheet 
Piling, the properties of the individual pieces are the same as the : 
properties of the sections interlocked in place. 

During driving the sections are forced to act as loaded columns, , 
and the tables, therefore, show the radius of gyration of the sections | 
for computing their compressive resistance under load or the blow ; 
of the pile driving hammer. The radius of gyration of the section, , 
however, need not bear any definite proportion to its length and : 
blocks of wood may be bolted to the leads of the pile driver if the ' 
piling shows a tendency to spring. As the piling actually enters ■ 
the earth, it is supported laterally and stiffened by the adjacent ; 
soil, and the blows of the hammer need but overcome the friction. ; 
In an ordinary cofferdam braced in the usual manner, strength in i 
I the interlock to resist the tearing apart of the sections by direct | 
tension in a longitudinal direction is not often required, but if it is, 1 
United States Steel Sheet Piling is recommended for use, as its • 
longitudinal strength is greater than that of the fabricated sections, j 
This interlock strength in a longitudinal direction depends on the | 
type of section, the opening of the jaw, the character of the soil, 1 
etc., and can only be determined by tests. The average longitudinal j 
strength per lineal inch of medium steel sections is as follows; | 


9" United States Steel Sheet Piling 6,600 pounds 

12 >4" United States Steel Sheet Piling 9,600 " 


15'' 39 lb. Syramotrical Interlock Channel Bar Piling .... 1,500 " 

Steel sheet piling is usually made of medium steel manufactured 
to standard specifications. Where the construction is permanent 
and possible corrosion is a serious factor, it may be made of steel 
containing about 0.25% copper, experiments on which, as well 
as analyses of old structures, indicate that such an addition goes 
very far towards making the steel practically indestructible* 

Full information on this specialty and its various uses is given 
in a separate pamphlet entitled “Steel Sheet Piling,” copies of 
which can be had on request. 
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STQBL SHEET PILING 


UNITED STATES STEEL SHEET PILING 



Section 

Index 


M 105 
M 104 
M 103 


De'wriplion 


Width 

b, 

Inrhca 

12 H 
UH 


Single 

Lbs. per 
Lin. Ft. 

Section 

Area, 
Sq. In. 

Weight, 
Lbs. per 
Sq. Ft. 

I 

In.< 

r 

In. 

S 

In.« 

S* 

In,» 

43 

12.72 

39 

9.20 

0.85 

4..53 1 

4.10 

38 

11.20 

3.5 

8.35 

0.87 

4.30 

3.89 

in 

4.71 

21 

1.45 

0.50 

1.13 

1.47 


Section Interlocked or Single 


_h 

2 

In, 


13 M 
13 M 


Regular 

('orner, 

Weight, 

Pounds 

per 

Lineal 

Foot 

43 

38 

10 


SYMMETRICAL INTERLOCK CHANNEL BAR PILING 



, 


Channels 

Zees 



Dimensions, Inches 



No. 

Designation 

0 

In. 

Lbe. 

?-i: 

In. 

Lbe. 

k: 

a 

b 

c 

d 

c 

f 

. 

K 

h 

2 

1 

l()"x28 lbs. 

10 

15 

3KxM 

4.8 

1 A 

1 is 

3 

2 

1 

1 

5 

9 

; 2 

10"x34 lbs. 

10 

20 


4.8 


r iS 

3 

2 

1 

1 k 

5 

9 

; 3 

12''x34 lbs. 

12 

20.5 

3 ^«x 

8.0 

1% 

; iH 

3% 


IH 

1 % 

0 

nvA i 

■ 4 

12''x39 lbs. 

12 

25 


8.0 

IH 

1 IH 


3 

ih 

1 H 

0 

10 1 

; 5 

15"x39 lbs. 

15 

33 


9.2 



4H 


1^4 

7K 

13J4 

0 

15"x45 lbs. 

15 

40 

4HxH 

9.2 

ifl 

ljj\ 


3 

IH 



13H 


Elements of Sections, Axis x-x 


No. 

Description 

Section Interlocked 

Single Section 

Regular 

Corner, 

Weight, 

Pounds 

per 

Lineal 

Foot 


Single Section 

Weight, 
Lbs. per 
Sq. Ft. 

I 

In.4 


S 

In.8 

S* 

In.8 



S 

In.8 


Width, 

Inches 

Lbe. per 
Lin. Ft, 

Area, 

In. 

In. 

In.* 

In. 

1 

10 

21 

6.87 

28 

7.09 

1.10 

3.04 

4.86 

5.62 

0.97 

2.24 

^'6~ 

2 

10 

26 

7.29 

34 

10.20 

1,19 

6.27 

7.03 

6.61 

0.96 

2.50 

31 

3 

12 

30 

8., 54 

34 

14.69 

1.31 

6.63 

7.32 

11.18 

1.14 

3.96 

38 

4 

I 

36 

9.86 

39 

18.66 

1.38 

8.481 

0.36 

12.03 

1.13 

4.23 

42 

6 

16 

44 

12.60 

39 

28.96 

1.62 

11.44 

10.17 

19.33 

1.24 

6.68 

61 

6 

16 

61 

14.46 

46 

36.82 

1.60 

14.651 

12.03 

21.60 

1.22 

6.07 

68 


S* is the average section modulus per horisontal foot of wall interlocked in place. 
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CARNBOIB STBBL COMPANY 

' STRUCTURAL TIMBER I 

I 

The strength of structural timbers depends upon a number of j 
factors; the kind of wood, the age of the tree, the time of the year i 
in which it was felled, the method of sawing, the character of the I 
seasoning and therewith its moisture content, the proportion of ; 
heartwood to sapwood and the proportion of knots to clear wood. : 

In consequence of these variable factors, the working unit stresses 
approved by the building laws of difTerent civics vary widely, as i 
well also as the unit stresses given in the proceedings of the various 
engineering associations. They go back in some cases to the 
studies made in 1895 by the Association of Railway Superintendents : 

; of Bridges and Buildings. 

i The most recent studies in this direction have been made by the | 

I American Bailway Engineering Association, and the tables for ; 
I wooden beams and columns which follow are based on the working ! 
1 unit stresses for structural timbers adopted by that Association. 

! The table of working unit stresses has been reprinted, by permission, 

\ from the Manual, edition of 1911. 

I These unit stresses vary with the class of construction. They are ; 
! intended, as noted, for railway bridges and trestles. For highway ; 
i bridges and trestles and for buildings and similar structures, the 
i unit stresses may be increased in accordance with the more quiescent ; 
i character of the loading and freedom from deleterious weather . 
conditions. The values are based on carefully selected timber : 
purchased in accordance wdth the standard specifications of the : 
Association and subject to careful inspection. ; 

The commercial timbers which are in common use in building I 
construction will not meet these specifications, and, therefore, the j 
unit stresses appro verl by good building practice as evidenced in 
the building laws of various cities are rightly lower. The tables 
as they stand arc in accord with the average practice as represented 
by these building laws, and may, therefore, be used as they stand 
for ordinary building work executed with the commercial grades of 
timber, such as can be purchased in the open market. 

The allowable loads may be adjusted to other species of wood 
than those stated in the headings of the tables and to other unit 
stresses .by the direct proportion which such unit stresses bear to 
those for which the tables are computed. In the case of Columns 
the values may be adjusted to any working unit stress by direct 
proportion based on the relations of 1/d. 



TIMBER SAFE LOADS 


WORKING UNIT STRESSES FOR STRUCTURAL TIMBER 

ADOPTED BT THE AMEBICAN RAILWAY ENOINEERING ASSOCIATION 

The working unit stresses given in the table are intended for railroad 
bridges and trestles. For highway bridges and trestles, the unit stresses 
may bo increased 25 per cent. For buildings and similar structures, In which 
the timber Is protected from the weather and practically free from impact, 
the unit stresses may be increased 50 per cent. To compute the deilectlon 
of a beam under long continued loading Instead of that when the load is 
first applied, only 50 per cent, of the corresponding modulus of elasticity 
given ill the table is to oe employed. 
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CARNBQIB STEEL COMPANY 


WOODEN BEAMS 

The safe load tables of wooden beams which follow, based upon 
the working unit stresses adopted by the American Railway 
Engineering Association, give the uniformly distributed safe loads 
for rectangular sections one inch thick; the safe load for a beam of 
any thickness is found by multiplying the tabular value by the 
thickness of the beam in inches. The safe loads include the weight 
of the beams and are computed on the assumption that the beams 
are braced against lateral deflection. These tables also give mini- ' 
mum and maximum spans and coeflicients of deflection. i 

The maximum safe loads as limited by the allowable shearing | 
stresses along horizontal axes of beams have been calculated from I 
the formula: Maximum safe load — Vs x area of section x safe j 
unit stress for longitudinal shear. These limits, indicated also by j 
horizontal lines in the tables, should not be exceeded to avoid 
failure of the beam in horizontal direction of the grain of the wood. 

The theoretical deflection in the center of the span for uniformly 
distributed and permanently applied loads is obtained from the 
coefficients of deflection by dividing the depth of the beam, in 
inches, into the corresponding coefficient; the result obtained only i 
approximates the actual deflection, as the modulus of elasticity j 
varies with the moisture content of the wood. j 

The deflection of beams intended to carry plastered ceilings should ; 
not exceed Vijeo of the span; the tables give the maximum spans for 
this limit and for uniform and permanently applied loads. 

For loads concentrated in the center of the span, use one-half the 
values for the tabular loads and four-fifths of the coefficients of 
deflection. For special cases of loading, sec pages 200 to 205. 

Example 1. — Required the thickness and the approximate deflection of a 
beam of white oak, 14 Inches deep, supporting a uniformly distributed and 
permanent dead and live load of 10,000 pounds over a span of 19 foot. 

The tabular value for a beam One inch thick and for a span of 19 feet is 
1,261 pounds; the required thickness Is therefore 10, 000-^ 1,261=8 inches, and 
the deflection is 20^72+14=1.48 Inches. 

Example 2. — Required the safe load of abeam of white pine, 8 inches 
deep and 6 inches thick, without exceeding the longitudinal shearing stress. 

The table gives for a corresponding beam 1 Inch thick a safe load of 747 
pounds; the total safe load is therefore 6 x 747=4,482 pounds, or the safe load 
which can be safely supported over a span of 8.6 feet. 

Example 3. — Required the safe load, concentrated in the center of a span 
26 foot long, and the deflection of a beam of longleaf pine, 18 inches deep and 
12 Inches thick. ' 

The table gives for a corresponding beam 1 Inch thick a unlfOTmly distri- 
buted safe load of 1,800 pounds, or for a load in center of span 1,800+2=000 
pounds; for a beam 12 Inches wide the safe load Is therefore 900 x 12=10,800 
pounds, and the deflection Is approximately % x 32.75+18=1.46 Inches. 
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TIMBER SAPS LOADS 


RECTANGULAR WOODEN BEAMS— ONE INCH THICK 

Maximum Safe Loads and Limiting Spans 


. . 

White 

Longleaf 

Shortleaf 

White 

Douglas 

Western 

Spruce 

J 8 

Oak 

Pino 

Pine 

Pine 

Fir 

Hemlock 




Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

1 

Load, 

Lba. 

S^an, 

Load, 

Lbs. 

S^an, 

Load, 

Lbs. 


Load, 

Lbs. 

V 

Load, 

Lbs. 


Load, 

Lbs. 

S|>an, 

Load, 

Lbs. 


2 

293 

1.7 

320 

1.8 

347 

1.5 

187 

2.1 

293 

1.8 

267 

1.8 

187 

2.4 

4 

687 

3.3 

640 

3.6 

693 

3.1 

373 

4.3 

587 

3.6 

533 

3.7 

373 

4.8 

6 

88(J 

6.(] 

960 

5-4 

104{] 

4.6 

5(K) 

6.4 

886 

5.5 

800 

5.5 

560 

7.1 

j s 

1173 

6.7 

1280 

7.2 

1387 

6.2 

747 

8.6 

1173 

7.3 

1067 

7.3 

747 

9.5 

1 10 

1467 

8.3 

1600 

9.0 

1733 

7.7 

933 

10.7 

1467 

9.1 

1333 

9.2 

933 

11.9 

i 12 

1760 

10.0 

1920 

10.8 

2080 

9.2 

1120 

12.9 

1760 

10.9 

1600 

11.0 

1120 

14.3 

! 14 

2053 

11.7 

2240 

12.6 

2427 

10.8 

1307 

15.0 

2053 

12.7 

1867 

12.8 

1307 

16.7 

: 16 

2347 

13.3 

2560 

14.4 

2773 

12.3 

1493 

17.1 

2347 

14.5 

2133 

14.7 

1493 

19.0 

1 IS 

204q 

15.0 

2880 

' 16.3 

3120 

13.8 

1680 

19.3 

2640 

16.4 

2400 

16.5 

1680 

21.4 

. 20 

2933 

16.7 

3200 

18.1 

3467 

15.4 

1867 

21.4 

2933 

18.2 

I 2667 

1 18.3 

1867 

23.8 

1 22 

3227 

18.3 

3520 

19.9 

3813 

16.9 

2053 

23.6 

1 3227 

20.0 

2933 

1 20.2 

2053 

26.2 

! 24 

352q 

20.0 

3840 

21.7 

4160 

18.5 

2240 

25.7 

3520 

21.8 

1 3200 

22.0 

2240 

28.6 


i 


Coefficients of Deflection for Permanent Loads 


i 

; Span 
: m 

; Feet 

White 

Oak 

liOng- 

ieaf 

Pine 

Short- 

Icaf 

Pino, 

Western 

Hem- 

lock 

White 

Pine, 

Douglas 

Fir 

Spruce 

Span 

m 

Feet 

White 

Oak 

Ilf j 

Short- 

leaf 

1 Pine, 
Western 
Hem- 
lock 

White 

Pine, 

Douglas, 

Fir 

Spruce 

i 1 

0.06 

0.05 

0.05 

0.05 

0.05 

21 

2.5.31 

21.37 

19.67 

21.05 

20.20 

2 

0.23 

0.19 

0.18 

0.19 

0.18 

22 

27.78 

23.44 

21.59 

23.10 

22.17 

3 

0.52 

0.44 

0.40 

0.43 

0.41 

23 

30.37 

25.63 

23.59 

25.25 

24.23 

4 

0.92 

0.78 

0.71 

0.76 

0.73 

24 

33.06 

27.91 

25.69 

27.49 

26.38 

i 6 

1.44 

1.21 

1.12 

1.19 

1.15 

25 

35.88 

30.28 

27.88 

29.83 

28.63 

6 

2.07 

1.74 

1.61 

1.72 

1.65 

26 

38.80 

32.75 

30.15 

32.27 

30.96 

7 

2.81 

2.37 

2.19 

2.34 

2.24 

27 

41.85 

35.32 

32.51 

34.80 

33.39 

8 

3.67 

3,10 

2.85 

3.06 

2.93 

28 

45.00 

37.99 

34.97 

37.42 

3.5.91 

9 

4.65 

3.92 

3.61 

3.87 

3.71 

29 

48.27 

40.75 

37.51 

40.14 

38.52 

10 

5.74 

4f85 

4.46 

4.77 

4.58 

30 

51.66 

43.61 

40.14 

42.96 

41.22 

11 

6.95 

5.86 

5.40 

5.78 

5.54 

31 

55.16 

46.56 

42.86 

45.87 

44.01 

12 

8.27 

6.98 

6.42 

6.87 

6.60 

32 

.58.78 

49.61 

45.67 

48.88 

4fi.00 

13 

9.70 

8.19 

7.54 

8.07 

7.74 

33 

62.51 

52.76 

48.57 

51.98 

49.88 

14 

11.25 

9.50 

8.74 

9.36 

8.98 

34 

66.35 

56.01 

51.56 

5.5.18 

52.95 

15 

12.92 

10.90 

10.04 

10.74 

10.31 

35 

70.32 

59.35 

54.64 

58.47 

56.11 

16 

14.09 

12.40 

11.42 

12.22 

11.73 

30 

74.39 

62.79 

57.80 

61.80 

59.36 

17 

16.59 

14.00 

12.89 

13.79 

13.24 

37 

78,58 

66.33 

61.06 

65.34 

62.70 

18 

18.60 

15.70 

14.45 

15.47 

14.84 

38 

82.89 

69.96 

04.40 

68.92 

60.14 

19 

20.72 

17.49 

16.10 

17.23 

16.53 

39 

87.31 

73.69 

67.84 

72.60 

69.66 

20_ 

22.96 

19.38 

17.84 

19.09 

18.32 

40 

91.84 

77.52 

71.36 

76.37 

73.28 


Maximum Spans in Feet for Permanent Loads 


Species of Timber 




Depth of Beam in Inches 



2 

4 i 

6 

8 

10 

12 

14 

16 1 18 

1 

22 1 24 

White Oak 

Longleaf Pine 

Shortleaf Pine 

Western Hemlock 

White Pine, Douglas Fir 
Spruce 

2.3 

2.8 

3.0 

3.0 

2.8 

2.91 

4.7 

5.5 
6.0 
6.0 

5.6 

5.8 

7.0 

8.3 

9.0 
9.0 

8.4 
8.7 

9.3 

11.0 

12.0 

12.0 

11.2 

11.6 

11.6 

13.8 

15.0 

15.0 

14.0 
14.6 

13.9 

16.5 

17.9 
17.9 
16.7 

17.6 

16.3 

19.3 
20.9 
20.9 
19.5 

20.4 

I8.6I2O.923.2 

22.024.827.6, 

23.926.920.9 
23.926.q29.9 

22.325.127.9 
23.826.2129.1 

26.627.9 
30.333.1 

32.035.9 

32.936.9 
30.7134.6 

32.037.9 
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CARNBOIB STEBL COMPANY 


RECTANGULAR 

WOODEN BEAMS— ONE INCH THICK i 






DOUGLAS FIR 








Allowable Uniform Load in Pounds 




Maximum Bending Stress, 1200 Pounds per Square Inch 


Span 





Depth of Beam in Inches 





Feet 

2 

4 

0 

8 

10 

12 

14 

16 

18 

20 

22 

24 1 










1- ~ 





298 












2 

267 











I 

3 

178 

687 











4 

133 

533 











5 

107 

427 










i 




880 









! 

6 

89 

356 

800 









! 

7 

76 

305 

686 

1178 









8 

67 

267 

600 

1007 








i 

9 


237 

533 

948 

14fi7 








10 


213 

480 

853 

1333 







i 







17«) 






! 

11 


194 

436 

776 

1212 

1745 







12 


178 

400 

711 

1111 

1600 

8058 






13 



369 

656 

1026 

1477 

2010 






14 



343 

610 

652 

1371 

1867 

2347 





15 



320 

569 

880 

1280 

1742 

2276 





. 16 



300 

533 

833 

1200 

1633 

2133 

2040 




17 




502 

784 

1129 

1537 

2008 

2541 



j 

18 




474 

741 

1067 

1452 

1896 

2400 

2m 



19 




449 

702 

1011 

1375 

1796 

2274 

2807 

8S37 


20 




427 

667 

960 

1307 

1707 

2160 

2667 

3227 


21 





635 

914 

1244 

1625 

2057 

2540 

3073 

86S0 

22 





606 

873 

1188 

1552 

1064 

2424 

2933 

3491 

23 





580 

835 

1130 

1484 

1878 

2319 

2806 

3339 

24 





556 

800 

1089 

1422 

1800 

2222 

2089 

3200 

25 






768 

1045 

1365 

1728 

2133 

2581 

3072 

26 


1 




738 

1005 

1313 

1062 

2051 

2482 

2954 

27 






711 

9(i8 

1204 

1600 

1975 

2390 

2844 

28 






0S6 

933 

1219 

1543 

1905 

2305 

2743 

29 







901 

1177 

1490 

1839 

2225 

2048 

30 







871 

1138 

1440 

1778 

2161 

2500 

31 







843 

1101 

1394 

1720 

2082 

2477 

32 







817 

1067 

1350 

1667 

2017 

2400 

33 








1034 

1309 

1610 

1956 

2327 

34 








1004 

1271 

1569 

1898 

2259 

35 








975 

1234 

1524 

1844 

2194 

36 








948 

1200 

1481 

1793 

2133 

37 









llfiS 

1441 

1744 

2076 

38 









1137 

1404 

1698 

2021 

39 









1108 

1368 

1655 

1969 

40 









1080 

1333 

1613 

1920 

j HoriiODt&I indicEto tho lixDit for resiBtanco to Bhear in the horisontEl direotioD of the srEi9« j 
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TIMBER SAFE LOADS 


RECTANGULAR WOODEN BEAMS— ONE INCH THICK 

LONGLEAF PINE 

Allowable Uniform Load in Pounds 


Maximum Bending Strotw, 1300 Pounds per Square Inch 


Span 


Depth uf Beam in Inches 


< in 
B'eet 

2 

4 

6 

8 

10 

12 

14 

.6 

18 

20 

22 

24 


320 


- -f 










i 2 

289 












I 3 

103 

640 











: 4 

144 

578 











; 5 

116 

462 

960 










: 6 

96 

385 

867 










7 

83 

330 

743 

1280 









; 8 

72 

289 

650 

1156 









i 0 


257 

578 

1027 

1000 








i 10 

i 


231 

520 

924 

1444 

1920 







; 11 


210 

473 

840 

1313 

1891 







12 


193 

433 

770 

1204 

1733 

3240 






13 



400 

711 

1111 

1600 

2178 






14 



371 

660 

1032 

1486 

2022 

2660 





15 



347 

616 

963 

1387 

1887 

2465 





16 



325 

578 

903 

1300 

1769 

2311 

2880 




17 




544 

850 

1224 

1665 

2175 

2753 




IS 




514 

802 

1156 

1573 

2054 

2600 

8200 



10 

20 




487 

462 

760 

1095 

1490 

1946 

2403 

3041 

8690 





722 

1040 

1416 

1849 

2340 

2889 

3496 


21 


• 



688 

991 

1348 

1761 

2229 

2751 

3329 

8840 

22 





657 

945 

1287 

1681 

2127 

2626 

3178 

3782 

23 





628 

904 

1231 

1608 

2035 

2512 

3040 

3617 

24 





602 

867 

1180 

1541 

1950 

2407 

2913 

3467 

25 






832 

1132 

1479 

1872 

2311 

2796 

3328 

26 






800 

1089 

1422 

1800 

2222 

2689 

3200 

27 






770 

1049 

1370 

1733 

2140 

2589 

3082 

28 






743 

1011 

1321 

1671 

2064 

2497 

2071 

29 







976 

1275 

1614 

1992 

2411 

2869 

30 







944 

1233 

1560 

1926 

2330 

2773 

31 



« 




913 

1193 

1510 

1864 

2255 

2684 

32 







885 

1150 

1463 

1806 

2185 

2600 

33 








1121 

1418 

1751 

2119 

2521 

34 








1088 

1377 

1699 

2056 

2447 

35 








1057 

1337 

1051 

1998 

2377 

36 








1027 

1300 

1605 

1942 1 

2311 

37 









1265 

1662 

1890 

2249 

38 









1232 

1621 

1840 

2189 

30 









1200 

1482 

1793 

2133 

40 



i 






1170 

1444 

1748 

2080 


Horiaontal iinss indicate the limit for resistanoe to ehear in the borisontal direction of the grain. 
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CARNBOIB STEEL COMPANY 


RECTANGULAR WOODEN BEAMS— ONE INCH THICK 

SHORTLEAF PINE. WESTERN HEMLOCK AND WHITE OAK 
Allowable Uniform Load in Pounds 
M aximum Bonding Stress, 1100 Pounds per Square Inch 


Depth of Beam in Inches 


Feet 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 


*47 












2 

245 

693 







t- 




3 

163 

652 











4 

122 

489 

1040 










Tj 

08 

391 

880 

1387 









G 

82 

326 

733 

1304 









7 

70 

279 

629 

1117 

IT33 








S 

61 

245 

550 

978 

1528 

2080 







0 


217 

489 

869 

*1358 

1956 

2427 






10 


196 

440 

782 

1222 

1760 

2396 






11 


178 

400 

711 

1111 

1000 

2178 

2773 





12 


163 

367 

652 

1019 

1467 

1996 

2607 

siao • 




13 



338 

602 

940 

1354 

1843 

2407 

3046 




14 



314 

559 

873 

1267 

1711 

2235 

2829 

*467 



15 



293 

522 

816 

1173 

1697 

2086 

2640 

3259 

8B18 


16 



275 

489 

764 

1100 

1497 

1966 

2475 

3055 

3697 

4160 

17 




460 

719 

1035 

1409 

1841 

2329 

2876 

3480 

4141 

18 




435 

679 

978 

1331 

1738 

2200 

2716 

3287 

3911 

10 




412 

643 

926 

1261 

1647 

2084 

2573 

3113 

3706 

20 




391 

611 

880 

1198 

1664 

1980 

2444 

2058 

3620 

21 





583 

838 

1141 

1490 

1886 

2328 

2817 

3362 

22 





556 

800 

1089 

1422 

1800 

2222 

2689 

3200 

23 





531 

766 

1042 

1361 

1722 

2126 

2672 

3061 

24 





509 

733 

998 

1304 

1650 

2^)37 

2465 

2033 

26 






704 

958 

1262 

1584 

1966 

2366 

2816 

26 






677 

921 

1203 

1523 

1880 

2276 

2708 

27 






662 

887 

1159 

1467 

1811 

2191 

2608 

28 






629 

856 

1118 

1414 

1746 

2113 

2514 

29 





1 


826 

1079 

1366 

1686 

2040 

2428 

30 







799 

1043 

1320 

1630 

1973 

2348 

31 







773 

1009 

1278 

1577 

1908 

2271 

32 







749 

978 

1238 

1628 

1849 

2200 

33 








948 

1200 

1482 

1703 

2133 

34 








920 

1165 

1438 

1740 

2071 

35 








894 

1131 

1397 

1690 

2011 

36 








869 

1100 

1358 

1643 

1966 

37 









1070 

1321 

1599 

1903 

88 • 








■ j 

1042 

1287 

1667 

1853. 

39 









1015 

1254 

1617 

1805 

40 




i 




i 

990 

1222 

1479 

1760 


Upper, middle, and lower horiiontal lines indicate the liipits for resistance to shear in the 
horisoaM direction of the srain of Shortleaf Pine, White Oak, and Hemlock reqwetivdy. 
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TIMBER SAFE LOADS 


i RECTANGULAR WOODEN BEAMS— ONE INCH THICK 

I WHITE PINE 

I Allowable Uniform Load in Pounds 


j Maximum Bending Stress, 900 Pounds per Square Inch 

{ , . I Depth of Beam in Inches 


1 Feet 
i 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

1 2 

187 












i 3 

133 












1 ^ 

100 

878 












80 

320 












07 

267 

600 










7 

67 

229 

614 










8 

60 

200 

450 

747 









0 


178 

400 

711 









10 


100 

300 

640 

9i)3 








11 


146 

.327 

582 

909 








12 


133 

300 

633 

833 

1120 







13 



277 

492 

769 

1108 







14 



257 

457 

714 

1029 

1307 






15 



240 

427 

667 

900 

1307 






10 



226 

400 

625 

900 

1225 






17 




377 

588 

847 

1163 

1403 





18 




360 

556 

800 

1089 

1422 





19 




337 

526 

758 

1032 

1347 

1680 




20 




320 

600 

720 

980 

1280 

1620 




21 




1 

476 

086 

933 

1219 

1543 

1867 



22 

1 

• 



456 

655 1 

891 

1164 

1473 

1818 



23 




i 

436 

626 

852 

1113 

1409 

1739 

2063 


24 

. 




417 

000 

817 

1067 

1.350 

1667 

201 


25 






570 

784 

1024 

1290 

1600 

1936 

2240 

20 






654 

754 

985 

1246 

1538 

1862 

2216 

27 






533 

726 

948 

1200 

1481 

1793 

2133 

28 






514 

700 

914 

1157 

1429 

1729 

2057 

29 







678 

883 

1117 

1379 

1669 

1986 

30 







663 

853 

1080 

1333 

1613 

1920 

81 







032 

826 

1046 

1290 

1561 

1868 

32 







613 

800 

1013 

1250 

1613 

1800 

33 








770 

982 

1212 

1467 

1746 

34 








763 

963 

1176 

1424 

1694 

35 








731 

926 

1143 

1383 

1646 

36 








711 

900 

1111 

1344 

1600 

. 37 









876 

1081 

1308 

1657 

38 









853 

1063 

1274 

1616 

39 









831 

1026 

1241 

1477 

40 

j 








810 

1000 

1210 

1440 


HoriionUl linsi indicate the limit for remstanoe to shear in the horiaontal direotion d the grain. 
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CARNBOIE STEEL COMPANY 


RECTANGULAR WOODEN BEAMS— ONE INCH THICK 

SPRUCE 

Allowable Uniform Load in Pounds 


Maximum Bonding Stress, 1000 Pounds per Square Inch 
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TIMBER SAFE LOADS 


I WOODEN COLUMNS 

t 

I The safe load tables of wooden columns which follow, basec 
I upon the working unit stresses adopted by the American Railway 
j Engineering Association, give the allowable direct compressive 
! loads for square and round columns. 

I The safe loads of rectangular columns may be found from the 
i safe loads of square columns by direct proportion of areas, using 
j the safe load unit stress of the square column whose side is equal 
to the least side of the rectangular section. 

The following table gives the safe load in pounds per square inch 
of sectional area for ratios of 

I _ effective length of column, in inches 
j d least side or diameter, in inches ’ 

! ranging between limits of 15 and 30. 


Unit Working Stresses in Pounds per Square Inch 



Loo^leaf 

Douglas Fir, 

Shortleaf 

Pine, 

White Pine, 

Red Cedar, 

Norway 

1 

u 

PlUO, 

White Oak 

Western 

Hemlock 

Spruce, 

BaldCyprcsa 

Tamarack 

Redwood 

Pine 


1300 (1— l/dfiOl 

1200 (1— l/(J0o/l 100 (I— l/dCO) 

1000(l-l/d00) 

900 (1— 1/dGOj 

800(l-l/d60) 

15 

975 

900 

825 

750 

675 

600 

16 

953 

880 

807 

733 

660 

587 

17 

931 

800 

788 

717 

645 

673 

18. 

910 

840 

770 

700 

030 

560 • 

10 

888 

820 

752 

683 

015 

547 

20 

867 • 

800 

733 

667 

600 

533 

21 

845 

780 

715 

650 

685 

520 

22 

823 

760 

697 

633 

570 

607 

23 

802 i 

740 

678 

617 

1 555 

‘ 493 

24 

780 1 

720 

660 

600 

; 640 1 

480 

25 

758 1 

700 

642 

1 583 

625 ! 

467 

26 

737 1 

680 

623 

i 667 i 

510 i 

553 

27 

715 

660 

605 ' 

> 650 

495 i 

440 

28 

603 

640 

587 

1 633 ; 

480 1 

427 

29 

672 

620 

508 

517 j 

465 I 

413 

30 

650 

600 

550 

500 

450 j 

400 


Examplb 1. — Required the allowable load for a column of white oak 


10" X 8", 14 feet long. 

The safe load given In the table for a square white oak column 8" x 8", 
14 feet long, Is 54,100 pounds. The load for the 10" x 8" section is 
10 X 64,100 -s- 8 = 67,600 pounds. 

Example 2. — Required the allowable load for a spruce pile, 0" diameter 
and 18 feet long. 

The unit stress given in the above table for the corresponding ratio of 
1/d, 18 X 12 + 9 = 24 Is 660 pounds, and the sectional area for a 0" round Is 
63.62 square Inehes. The safe load, therefore, is 63.62 x 660^^,000 pounds. 
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CARNEQie STEEL COMPANY 





TIMBER 8APB LOADS 




CARNBQIB STBBt COMPANY 


SPECIFIC GRAVITIES AND WEIGHTS 


Metalfl, Alloya. Ores 


Aliuninum, cast-hammered. 

“ bronse 

Brass, cast-rollcd 

Bronse, 7.9 to 14% Sn. . . . . 

Copper, cast-rolled 

ore, pyrites 

Gold, cast-hammered 

Iron, cast, pig 

“ wrought 

'• steel 

“ spiegel-eisen 

" fcrro-silicon 

" ore, hematite 

“ *' “ in lank. . 

“ '* " loose. . . 

“ “ limonite 

“ “ magnetite 

" slag 

Lead 

“ ore, galena 

Manganese 

* ore, pyrolusito. . . 

Moreury 

Nickel 

“ monel metal 

Platinum, cast-hammered. 
Silver, cast-hammered. . . . 

Tin, cast-hainmered 

“ ore, cassiterite 

Zinc, cast-rolled 

“ ore, blende 


Various Solids 

Cereals, oats, bulk.. 
" barlej', '* . . 

“ corn, rye, “ . . 

" wheat, ** . . 

Hay and Straw, bales. . . . 

Cotton, Flax, Hemp 

Fats 

Flour, looee 

'* pressed 

Glass, common 

" plate or crown , . . . 

“ crystal 

Leather 

Paper 

Potatoes, piled 

Rubber, caoutchouc 

Rubber goods 

Salt, granulated, piled . . . 

Saltpeter 

Starch 

Sulphur 

Wool 


Specific 

Gravity 

Weight, 

Pounds 

per 

Cu. Ft. 

2.5.5-2.75 

165 

7.7 

481 

8A-8.7 

534 

7.4-8.9 

509 

8.8-9.0 

556 

4. 1-4.3 

262 

19.25-19.35 

1205 

7.2 

450 

7.6-7.9 

485 

7.8-7.9 

490 

7.5 

468 

6.7-7.3 

437 

5.2 

325 

160-180 

130-160 

3.6-4.0 

237 

4.9-5.2 

315 

2.5-3.0 

172 

11.37 

710 

7.3-7.6 

465 

7.2-8.0 

475 

3.7-4.6 

259 

13.0 

849 

8.9-9.2 

565 

8.8-9.0 

556 

21.1-21.5 

1330 

10.4-10.6 

656 

7.2-7.6 

459 

6.4-7.0 

418 

6.9-7.2 

440 

3.9-4.2 

253 


32 

39 

48 

48 

20 

1.47-1.50 

93 

0.90-0.97 

58 

0.40-0.50 

28 

0.70-0.80 

47 

2.40-2.60 

156 

2.45-2.72 

161 

2.90-3.00 

184 

0.88-1.02 

59 

0.70-1.15 

58 

42 

0.02-0.96 

59 

1.0-2.0 

94 , 

48 

67 

1.53 

98 

1.93-2.07 

125 

1.32 

82 1 


Substance 

Specific 

Gravity 

Weight, 

Pounds 

per 

Cu. Ft. 

Timber, U. S. Seasoned 



Ash, white-red 

0.62-0.65 

40 

(y'odar, white-red 

0.32-0.38 

22 

Chestnut 

0.68 

41 

*. 

0.48 

30 

rir, Douglas spruce 

0.51 

32 

“ eastern 

0.40 

25 

Elm, white 

0.72 

45 

Hemlock 

0.42-0.52 

• 29 

Hickory 

0.74-0.84 

49 

Locust 

0.73 

46 

Maple, hard 

0.68 

43 

white 

0.53 

33 

Oak, chestnut 

0.86 

54 

“ live 

0.95 

59 

“ red, bla(!k 

0.65 

41 

" white 

0.74 

46 

Pine, Oregon 

0.61 

32 

" red 

0.48 

30 

“ white 

0.41 

26 

“ yellow, long-leaf 

0.70 

44 

'* " short-leaf.... 

0.61 

38 

Poplar 

0.48 

30 

Reilwood, California 

0.42 

26 

Spnice, white, black 

0.40-0.46 

27 

Walnut, black 

0.61 

38 

“ white 

0.41 

26 

Moisture Contents: 



Seasoned timber 15 to 20% 



Green timber up to 60%. . . 



Various Liquids 



Alcohol, 100% 

L 0.79 

49 

Acids, muriatic 40^^ 

’ 1.20 

75 

“ nitric 91% 

1.150 

94 

“ sulphuric 87% 

1.80 

112 

Lye, soda 66% 

1.70 

106 

Oils, vegetable 

0.91-0.94 

58 

“ mineral, lubricants. . . 

0.90-0.93 

57 

Water, 4®C, max. ddnsity. 

1.0 

62.428 

“ 100*C 

0.9584 

59.830 

" ice 

0.88-0,92 

56 

“ snow, fresh fallen... 

.125 

8 

“ sea water 

1.02-1,03 

64 

Gases, Air = 1 



Air, (fC, 760 mm 

1.0 

.08071 

Ammonia 

0.5920 

.0478 

(^rbon dioxide 

1.5291 

> .1234 

Carbon monoxide 

0.9673 

.0781 

Gas, illuminating 

0.3.'5-0.45 

.028-.036 

“ natural 

0.47-0.48 

.038-.039 

Hydrogen. . . ; 

0.0693 

.00559 

Nitrogen 

0.9714 

.0784 

Oxygen 

1.1056 

.0892 


The gpecifio gravities of solids and liquids refer to water at 4°C., those of gases to air at 0°C. 
and 760 mm pressure. The weights per cubic foot are derived from average spedfio 
except vdiere stoted that weights are for bulk, heaped or loose mattfial, etc. 
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PHYSICAL PROPERTIES OF SUBSTANCES 


SPECIFIC GRAVITIES AND WEIGHTS 


Weight, 
Specific Pounds 
Gravity per 
Cu. Ft. 


j Weight, 
Specific Pounds 
Gravity I per 
Cu. Ft. 


Ashlar Masonry 


Granite, syenite, gneiss 2.3-3.0 

Limestone, marble 2.3-2.8 

Sandstone, blucstonc 2. 1-2.4 

, Mortar Rubble Masonry * 

! Granite, syenite, gneiss 2.2-2.8 

Limestone, marble 2.2 *2.6 

i Sandstone, blueslone 2.0 2.2 

Dry Rabble Masonry 

: Granite, syenite, gneiss 1. 6-2.3 

i I.imestone, marble 1. 6-2.1 

; Sandstone, blueatone 1.8-1. 6 

Brick Masonry 

; Presse«l brick 2.2-2.3 

' (Amnion brick 1. 8-2.0 

' Soft brick 1.5-1. 7 

Concrete Masonry 

Cement, stone, sand 2.2-2.4 

“ slag, etc 1. 6-2.3 

" cinder, etc 1.5- 1.7 

; Various Buildinir Mat'l 

I .^shos, cinders 

: Cement. Portland, loose. . . 

i “ “ set 2.7-3.2 

i Lime, gypsum, loose 

i Mortar, set 1.4-1. 6 

; Slags, bank slag 

" “ Btireenings 

! “ machine slag 

“ slag sand 

Earth, etc., Exfavated 

Clay, dry 

damp, plastic 

Clay and gravel, dry 

Earth, drv, loose 

“ ‘ packed 

“ moist, loose 

“ “ packed 

mud, flowing 

" ‘I packed 

Riprap, limestono 

“ sandstone 

" shale 

Sand, gravel, dry, loose 

“ “ “ packed.. 

“ “ wot 

Excavations in Water 

Sand or gravel 

“ " “ and clay.... 

Clay 

River mud 

Soil 

Stone riprap 


165 Asbestos 2.1-2.8 

160 Barytes ’4 50 

140 Basalt 2.7-32 

Bauxite 2 55 

1.50 J'balk... 1.8-2.6 

130 I ^ lay. marl 1.8-2.0 

Feldspar, orthoclase 2.6^2.6 

130 Gneiss, serpentine 2.4-2.7 

12.5 Granite, syenite 2.5-3.1 

110 Greenstone, trap 2.8-3.2 

I Gypsum, alabaster 2!3-2!8 

I Ilorublende 3.0. 

j’" Limestone, marble 2.5-2.8 

120 Magnesite 3.0’ 

100 l^hosphate rock, apatite . . 3.2 

I Porphyry 2.6-2.9 

J4.J ! Pumice, natural 0.37-0.90 

130 i Quarts, flint 2.5-2.8 

; Sandstone, blucstone 2.2-2.5 

I Shale, slate 2.7-2.9 


90 Stone, Quarried, Piled 

Basalt, granite, gneiss 

” 1 M 1 'iu'cstonc, marble, quartz . 

Sandstone 

67 ‘72 ghalc : 

96 * Greenstone, hornblende. . . 

49-55 Bituminous Substances 

Aspbaltum 1. 1-1.5 

63 Coal, anthracite 1.4-1.7 

MO " bituminous 1.2-1.5 

loo •• lignite 1. 1-1.4 

hi “ poat, turf, dry 0.66-0.85 

oa charcoal, pine 0.28-0.44 

1° ‘‘ . " oak 0.47-0.57 

iS r. 

108 Graphite l,9-2.3 

fin cc J’araffinc 0.87-0.91 

80-8,5 Petroleum 0.87 

oil “ refined 0.79-0.82 

online u 0.73-0.75 

lotion , gasoline 0.66-0.69 

i??" 1.07-1.15 

118-120 Tar, bituminous 1.20 

80 ; Coal and Coke, Piled 

65 Coal, anthracite 

80 “ bituminous, lignite . . 

90 “ peat, turf 

70 " charcoal 

65 ” coke 


- j gravities of solids and liquids refer to water at 40C., those of gases to air st (PC* 

^ 760 nun P^ure. The ^^ghte per cubic foot are derived from average specific gravitiest 
except where etated tlmt wei^ts are for bulk, heaped or loose material, etc. 
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CARNBQIB STBBL COMPANY 


CONTENTS OF STORAGE WAREHOUSES | 

1 

Material 

Weights 

per 

Cubic Foot 
of Space, 
Pounds 

Height 
of Pile, 
Feet 

Weights 

per 

Square Foot 
of Floor, 
Pounds 

Recommended 
Live Loads, 
Poundyier 
Square Foot 

# 

Groceries* Wines* Liquors* Etc. 





Beans, in bags 

40 

8 

320 


Canned Goods, in cases 

58 

6 

348 


Coffee, Roasted, in bags 

33 

8 

204 


Coffee, Green, in bags 

39 

8 

312 


Dates, in cases 

55 

0 

330 


Figs, incases 

74 

5 

370 


Flour, in barrels 

40 

5 

200 


Molasses, in'barrels 

48 

5 

240 


Rice, in bags 

58 

6 

348 

250 to 300 

Sal Soda, in barrels 

40 

5 

230 


Salt, in bags 

70 

5* 

350 


Soap Powder, in cases 

38 

8 

304 


Starch, in barrels 

25 

6 

150 


Sugar, in barrels 

43 

5 

215 


Sugar, in eases 

51 

6 

306 


Tea, in chests 

25 

8 

200 


Wines and Liquors, in barrels. . ......... 

38 

6 

228 


Dry Goods, Cotton, Wool, Etc. 





Burlap, in bales 

43 

6 

258 


Coir Yarn, in bales 

33 

8 

204 * 


Cotton, in bales, compressed 

18 

8 

144 


Cotton Bleached Goods, in eases 

1 -28 

8 

224 


Cotton Flannel, in eases 

12 

8 

06 


Cotton Sheeting, in cases 

23 

8 

184 


Cotton Yam, in eases 

25 

8 

200 


Excelsior, compressed 

19 

8 

152 


Hemp, Italian, compressed 

22 

8 

176 


Hemp, Manila, compressed 

30 

8 

240 

’ 200 to 250 

Jute, compressed 

« 

8 

328 

Linen Damask, in cases — 

50 

5 

250 


Linen Goods, in cases 

30 

8 

240 


linen Towels, in cases 

40 

6 

240 


Sisal, compressed 

21 

8 

168 


Tow, compressed 

29 

8 

232 


Wool, in bales, compressed 

48 




Wool, in bales, not compressed 

13 

8 

104 


Wool, Worsteds, in oases 

27 

8 

216 
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PHYSICAL PROPERTIES OP SUBSTANCES 


CONTENTS OF STORAGE WAREHOUSES 


Material 

Weights 

per 

Cubic Foot 
of Space, 
Pounds 

Height 
of Pile, 
Feot 

Weights 

per 

Square Foot 
of Floor, 
Pounds 

Recommended 
Live I.oads, 
Pounds per 
Square Foot 

Building Materials 





' Cement, Natural 

59 

6 

354 

1 


73 

6 



• 

; Lime and Plaster 

53 

5 

265 

J 

Hardware, Etc. 





; Door Checks 

45 




Hinges 

64 




; Locks, in cases, packed 

31 




j Sash Fasteners 

43 




Screws 

101 




Sheet Tin, in boxes 

278 

2 

556 

300 to 400 

, Wire Cables, on reels 



425 


Wire, Insulated Copper, in coils 

63 

5 

315 


' Wire, Galvanized Iron, in coils 

74 

4Vj 

333 


Wire, Magnet, on spools 

75 

6 

• 450 


Dmara. Paints, Oil, Etc. 





Alum , Pearl , in barrels 

33 

6 

198 


; Bleaching Powder, in hogsheads j 

31 

3H 

102 


1 Blue Vitriol, in barrels 

45 

5 

226 


; Glycerine, in cases 

62 

6 

312 


i Linseed Oil, in barrels 

36 

6 

216 

• 

; Linseed Oil, in irojj drums 

45 

' 4 . 

180 

i 

I Logwood Extract, in boxes ! 

70 

5 

350 

i 

i Rosin, in barrels ! 

48 

6 

288 

' 200 to 300 j 

Shellac, Gum 1 

38 

6 

228 

j 

: Soda Ash, in hogsheads 

i 62 

2% 

167 

( 

i Soda, Caustic, in iron drums 

88 

3% 

294 ' 


j Sods, Silicate, in barrels 

53 

6 

318 ; 


j Sulphuric Acid 

! 60 

1% 

100 i 


j White Lead Paste, in cans 

! »74 


610 


White Lead, dry 

86 

4% 

408 j 

l' 

Red Lead and Litharge, dry 

132 

3% 

405 ' 

1 

Miscellaneous 





Glass and Chinaware, in crates 

40 

8 

320 


Hides and Leather, in bales 

20 

8 

160 


Hides, Buffalo, in bundles 

37 

8 

296 


Paper, Newspaper, and Strawboards 

35 

6 

210 


Paper, Writing and Calendared 

60 

6 

360 

> 300 

Rope, in coils 

32 

6 

102 
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CARNEQiB STEEL COMPANY 


STRENGTH OF MATERIALS 

Stresses per Square Incu 


Metals and Alloys 


Aluminum, east 

“ bare, sheets 

“ wire, liarfl 

“ . “ annealed 

“ 2-7%Ni, Cu, Fe.eUi. 

Aluminum Bromsc, 5% to 7la% Al . 

*• “ 10% Al. 

Copper, cast 

“ plates, rods, Iwlls 

“ wire, hard 

“ wire, annealed 

Brass, 17% Zn 

“ 23 % “ 

:: 30% “ 

" 30% “ 

" 50% “ 

" ciist, common 

“ wire, hanl 

“ " anuejiled i 

Brorue 8%Sn 

13 % “ 

" 20';?, “ 

" 24 % “ 

;; 30% •* ! 

Kun metal, 9 Cu, 1 Sn j 

** Manguneso, cast 110% Sn.. . . 

“ “ rolled; 2%Mn... 

" Phosphorus, cast 1 9% ~ 


Stresses in Thousands of Pounds 






Silicon, east, 


, cast 19%Sn 

wire]l%P 

;,3%Si 


1 38% Zn... 
m%Sn... 
ij %%Pb.. 


wire. 

“ Tobin, cast 
“ rolled 

" “ cold rolled] 

Delta Metal, cast 1 55 -60% Cu 

“ “ platesldS— lO'.'oZn, 

“ “ bars I 2— 4% Fe. 

“ “ wire J 1— 2';{,Sn. 

German Silver, 25% Zn, 20% Ni, 

Iron, see next page 

Gold, cast,.! 

" wire 

“ copper, 5 Au, 1 Cu 

Lead, cast 

“ pipe, wire 

“ rolled sheets 

Platinum, wire, unannealed 

" “ annealed 

Silver, <!aat 

Steel, see next page 

Tin, cast 

antimony, 10 Sn, 1 Sb 

Zinc, cast 

" roUed sheets 


1.5 

24- 28 
30-65 
20-35 
40-50 

75 

a5-ioo 

25 

32 .35 
55-65 
36 

32.6 

28.1 

41.1 

31 

18-24 

80 

50 

28.5 
29.4 
33 
22 

5.6 

25- 55 
60 

100 

50 

100 

55 

75 


20 

30 

50 

1.8 

12 . 2 - 2.6 

3.3 

53 

32 

40 

3.5-4.61 

11 

4-6 

7-16 


1 

ompressioD,' 
Ultimate i 

1 - 

— 

- 

Elastic 

Limit 

Bending, 

Ultimate 

Shearing, 

Ultimate 

Modulus 

Elasticit 

Pounds 

1 




1 

1 


' ' •' 


. 

6.5 

12 


12 

11,000,000 

12-14 




' 16-30 





14 





25 





40 

120 




60 





6 

40 

22 

30 

10,000,000 

10 

32 



10 




18,000,000 

15,000,000 

8.2 


2.3.2 


7.6 

42 

22.3 



8.6 


26.9 



17.4 

75 

39 



17.9 

117 

;i3.5 



6 

30 

20 

36 

9,000,000 

16 




14,000,000 

19 

42 

43.7 


10,000,000 

20 

53 

34.5 



78 

.56.7 



22 

114 

32 



5 6 

147 

12.1 



10 


,52 


10,000,000 

.30 

12.5 



80 





24 





40 




4,600,000 

4 




8,000,000 





1.000,000 

1,000,000 





720,000 

1.6-1.8 

6 

4 


4,000,000 

4 

18 

7 


13,000.000 


26.7 

35.8 
20.7 
20.7 

5.0 


6.5 

3.3 

0.04 

0 

0 
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PHYSICAL PROPERTIES OP SUBSTANCES 

STRENGTH OF MATERIALS 

Stresses per Square Inch 


StrcsflCtf in Thoiuauda of Pounds 


Metal and Alloys 



i. 

|.l 

If 

Shearing, 

Ultimate 

|.s.a 

ill 

.2 


hC 


fi- 

gp 


SW 





0 





Steel * 








t^hapes, Plates, liars* 








“ bridges 

55-66 

I'i tens. 

tensile 

tensile 

% lens. 

29,000.000 

27.3-23.0 

“ Imildings 

55-05 


•* 

“ 

29, (HR), 000 

25.4-21.6 

“ cars 

50-65 

“ 




29,(H)0,0{H> 

30.0-23.0 

“ loeomotivrjs 

5.5-65 

“ 


•• 


29,000,(H)0 

27.3-23.0 

" ships 

,5S—6S 

“ 

“ 

“ 

“ 

29,000,(HKJ 

25.9-22.1 

Boiler Plates* 








“ " fire box 

.56-65 

' 2 tens. 

tensile 

tensile 

% tens. 

29,000.000 

27.3-23.0 

“ “ flange plates 

52-62 



•* 

29, 000, (HR) 

28.8-24.2 

Rivets* 








" Iwilcrs 

4.5-55 

'•i tens. 

tt'nsilo 

tensile 

% tens. 

29.n00;000 

33.3-27.3 

" bridges 

4G-.56 



“ 

“ 

29,000,(RM) 

32.6-26.8 

" buildings 

46-.56 

“ 


•• 

“ 

29.(RR),000 

30 . 4 - 25.0 

" cars 

48-58 

“ 




29.(HH),00() 

31.3-25.9 

“ ships. 

55-65 

“ 



“ 

29,(R)0,000 

27.3-23.0 

G)nerete liars* 








“ plain, structural grade 

“ intermediate — 

55-70 

.33 

tensile 

tensile 

% tens. 

29.000.000 

26.4-20.0 

70-K5 

40 

“ 


" 

29,(RH).(X)0 

18.6-15.3 

“ “ hanl 

SO 

50 

“ 

“ 

“ 

2!).(RR).000 

1,6.0 

" deformed, struct’l grade 

55-70 

33 


“ 

“ 

29,000, CRX) 

22.7-17.9 

“ “ intermediate 

70-S5 

40 

** 



29,000,(R)fl 

16.1-13.2 

“ " hard 

80 

60 

“ 


“ 

29,000,(X)0 

12.5 

“ cold twisted 

Castings* 

“ soft 


56 




29,000,000 

6.0 

60 

27 

(ensile 

tensile 

% tens. 

29,000,000 

22.0 

“ medium , 

70 

31.6 

“ 


29,).)00,000 

18.0 

" hanl 

80 

36 

“ 


“ 

29,000,000 

15.0 

Forgings* 








Steel Alfiiys | 








Nickel Steel,* 3.25% N. 








" 8haiH«, plates, bars 

85-100 

50 

toimila 

tensile 

% lens. 

29,000,000 

17.6-15.0 

" rivets.. 

70-80 

45 



“ 

29,000,000 

21.4-18.8 

“ eye bars, unannealed — 

95-110 

65 


“ 

“ 

29.0(R),(XX) 

15.8-13.6 

“ “ " annealed 

90-105 

52 



“ 

29.000,000 

20.0 

Copper Steel, 0.60% Cu 

00-68 

37-;i8 

u • 

*' 

! 

29,000,000 

29.0-23.0 

Steel Springs and Wire 

Springs, untemi>crcd 

65-110 

40-70 






Wire, unannealed 

120 

60 




1 


“ annealed 

80 

40 






" bridge cable 

200 

95 






Wrought Iron 





1 



Shapes 

48 

26 

tensile 

tensile 

% tens 

28.000,000 


Bars 

50 

27 


** 

28,(XK).000 


Wire, unannealed 

80 





15,000.000 


“ annealed 

60 

27 




25,000,000 


Cast Iron 








Common 

16-18 

G 

80 

30 

18-20 

12,000,000 


Gray 

18-24 



2.6-33 



Malleable 

27-35 

i.^26 

46 

30 

40 




* See Specifications of the Society of Testing Materials. 
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CARNEQIB STEEL COMPANY 


STRENGTH OF MATERIALS 
Stresses in Pounds per Square Inch 


Ultimate Average Stresses 

Modulus 

Safe Working Stresses 

Compress 

Tension 

Bending 

Elasticity 

Compress 

Bearing 

Shearing' 

12,000 

12,000 

8,000 

5,000 

10,000 

1,200 

1,200 

800 

150 

3,000 

2,500 

1,600 

1,.500 

1,200 

5.000 

7,000,000 

7,000,000 

7.000. 000 

3.000. 009 
14,000,000 

1,200 

1,200 

800 

500 

1,000 

1,200 

1,200 

800 

500 

1,000 

200 

200 

160 

160 

176 

10,000 

11,000 

15.000 

6.000 

200 

600 





7,040 

7,350 

1,290 

1,490 

740 

740 

320 

340 






2,650 

1,800 

700 

2,100 

1,500 

600 

1,700 

1,200 

500 

1,350 

1,000 

400 

Reinforced Concrete— Safe Worklnir Stresses * | 

[2,000,000 if ult. compression is up to 2,200. ; 
Elastic Modulus 2,500,000 if ult. compression is over 2,200. 1 
i3,000,000if ult. compression is over 2, 900. | 

/22.5% of ult. compression on piers or ! 

Compression. . . j (.Qjujjjja of lengths not exceeding 1 2 dia. ! 

/32.5% of ult. compression on surfaces of I 

\ at least twice the loaded area. ' 

[2.0% of ult. compression, horizontal ban. 

Shearing <3.0%for reinforcement with bent^up bars. 

[6.0% for thoroughly reinforced webs. | 

of ult. compression for plain bats. 
12% for drawn wire. ^ | 





420 

350 

280 

140 

168 

350 

280 

168 

210 

600 

600 

400 

250 

250 

600 

500 

300 

300 


30.000 

10.000 
700 

5,000 

3.000 

3.000 
70 

80.000 

70,000 

8.000 
7,300 
9,900 

3,000 

3,000 

8,000,000 





Buildins Materials 


Stone 

Bluestone 

Granite, gneiaa 

Limestone, marble. . 

Sandstone 

Slate 


Brick 

Common, good 

“ medium burned . . 

“ hard burned 

Pressed and paving 


Cement, Portland 

Neat, 28 days 

“ 90 days 

1:3 sand, 28 days...,. . . . 
“ 90 days. 


Concrete, P. C. 

hard stone 

“ soft stone 

“ cinders 

1: 2 :4, hard stone 

“ soft stone 

" cinders 

1:2H:5, hard stone 

soft stone 

cinders 

1: 3 :d, hard stone 

" soft stone 

“ cinders 


Masonry 

Granite 

Limestone, bluestone. . 


Bubble 

'* coursed 

Concrete, P. C., 1: 3 ;4 j 

“ 1:2H:5. 

Brick, common 

" hard burned ... . 


Miacellaneoaa 

Glass, common 

“ flooring 

Plaster 

Terracotta.. 


Ropes, cast steel hoisting. . 
standing, derrick.. 


Belts, solid Woven, cotton. . . 

'* “ “ flat 


For lUtimate and working stresses of Structural Timber, see page 353. 

*Foc complete data, see Proceedings <d the American Society of Civil Engin ee r s, Vol. ZXXIX, 
No. 2, Friiniary, 1913. 
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PHYSICAL PROPERTIES OP SUBSTANCES 


EXPANSION OF BODIES BY HEAT 

The linear coefficient of expansion of a body is the rate at which 
the unit of length changes, under constant pressure, with an increase 
of unit or one degree of temperature; the square surface coefficient 
I of expansion is, approximately, two times, and the cubical or 
i volumetric coefficient three times the linear coefficient of expansion, 
i A bar, if not fixed, undergoes a change in length— Itn, where 1 
is the length of the bar in inches, t the number of degrees, n the 
corresponding linear* coefficient; if fixed at both ends, the internal 
stress per unit of area=tnE, pounds per squsj-e inch, where E is 
i the modulus of elasticity, and the total temperature stress— AtnE, 
I pounds, where A is the cross section of the bar in square inches, 
j To find the increase of a bar due to an increase in temperature, 
I from the table, multiply the length of the bar by the increase in 
I degrees and by the coefficient fd^ 100 degrees, and divide by 100. 


Coefficients of Expansion foh 100 DEGREE8=100n 


Substance 

Linear Expansion | 

Centigrade 

Fahrenheit 

Metals and Alloys 

Alumioum, wrought. . . . 
Brass 

.00231 

.00188 

.00128 

.00104 


.00193 

.00107 


.00181 

.00101 


.00168 

.00093 


.00183 

.00102 

Gold 

.00150 

.00083 


.00106 

,00069 


.00120 

.00067 


.00124 

.00069 

Lead 

.00286 

.00159 

Nickel 

.00126 

.00070 

Platinum 

.00000 

.00050 

Platinum'Iridium, 16%Ir 
Silver 

.00081 

.00102 

.00045 

.00107 

Steel, cast 

.00110 

.00061 

“ hard 

.00132 

.00073 

" Tn»]ium 

.00120 

.00067 

*' B^t 

.00110 

.00061 

Tin 

.00210 

.00117 

Zinc, rolled 

.00311 

.00173 

Hiacellaneons Solids 
Glass 

.00085 

.00047 

Graphite 

.00079 

.00044 

Gutta-percha 

.05080 

.03322 

Paraffin 

.02785 

.01547 

Porcelain 

.00036 

.00020 


Substance rr 


Stone and Masonry 

Ashlar masonry 

Brick masonry 

Cement, Portland 

Concrete 

“ masonry .... 

Granite 

Limestone 

Marble 

Plaster 

Rubble masonry 

Sandstone 

Slate 

Timber 
Fir 1 

jparallel to fiber^ 
Pine ] 
fir I 

Maple Iperpendicular ^ 

Oak ( to fiber 

Pine j 

Liqnid Sabatancea 

Alcohol 

Acid, nitric 

“ sulphuric 

Mercury 

Oil, turpentine 


Linear Expansion 


Centigrade 

Fahrenheit 

.00063 

.00035 

.00055 

.00031 

.00107 

.00069 

.00143 

.00079 

.00120 

.00067 

.00084 

.00047 

.00080 

.00044 

.00100 

.00066 

.00166 

.00092 

.00063 

.00035 

.00110 

.00061 

.00104 

.00058 

.00037 

.00021 

.00064 

.00036 

.00049 

.00027 

.00054 

.00030 

.0058 

.0032 

.0048 

.0027 

.0054 

.0030 

.0034 

.0019 

Volumetric Expansion 

.104 

.068 

.110 

.061 

.063 

.035 

.018 

.010 

.090 

.060 


Expansion of Water, Maximum Density—! 


C“ 

Volume 

C« 

Volume 1 C« 

Volume 

C® 

Volume 

C® 

Volume 1 

C® 

Volume 

0 

1.000126 

10 

1.000257 30 

1.004234 

60 

1.011877 

70 

1.022884 

90 

1.035829 

4 

1.000000 

20 1 

1.001732 II 40 

1,007627 

60 

1.016054 

80 

1.020008 1 

100 

1.048116 
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CARNBQIB STBEL COMPANY 


EQUIVALENTS OF MEASURE 

Lengths 


1 meter, m = 10 decimeters. dm=s:100 centimeters, cm =1000 millimeters, mm. ' 
1 meter, m=0.1 decameter, dkm=0.01 hectometer, hm = 0.001 kilometer, km. i 
1 meter, m= 39.37 inches, U. 8. Standard =39.3701 13 Inches, British Standard. ' 
1 millimeter, mm = 1000 microns, (jl — 0.03937 inch = 39.37 mils. i 


Meters, 

Inches, 

Feet, 

1 Yawl, 

Rods, 

Chains, 

1 Miles, U.S. 

Kilo- 

ni 

in. 

ft. 

yd- 

r. 

1 

ch. 

Statute 

Nautical 

meters, 

km. 

1 

39.37 

3.28083 

1.09301 

0.19884 

0.04971 

o!S6214 

0. 05396 

0.001 

0.02540 

1 

0.08333 

0.02778 

0.o5051 

0.O1263 

0.^1578 

O.0I371 

0.82540 

0.30480 

12 

1 

0.33333 

0.06061 

0.01515] 

O. 0 I 894 

0. 01645 

0.83048 

0.91440 

30 

3 

1 

0.18182 

0.045451 

0.o5682 

0.84934 

0.89144 

6.02921 

198 

16.5 

5.5 

1 

0.25 

0.o3125 

0.o27l4 

0.O6029 

20.1108 

792 

60 

22 

4 

1 

0.01250 

0.01085 

0.02012 

1609.35 

63360 

5280 

1760 

320 

80 

1 

0.86839 

1.60936 

1853.26 

72962,5 

6080.20 

2026.73 

36g.4<V 

92.1243 

1.15155 

1 

1.85325 

1000 

39370 

3280.83 

1003.61 

198.8.38 

49.7096 

0.021.3^ 

0.539,59 

1 


1 yard, U. S. = 1.0000029 yartls British 1 yard British = 0.9999971 yard U. S. 

1 chain, G unter’s = 100 link.s I link = 7.92 luclias. 

1 cable length. U. 8. =120 fathoms = 960 spans = 720 feet = 219.457 meters. j 

1 league, U. S. = 3 statute miles = 24 furlongs. i 

1 international geographical mUo=yir,‘* at equator =7422 m i 

=4.011808 U. 8. statute miles. i 

1 intornational nautical mile ~Vm^ at meridian = 1852 m ‘ 

=0,999326 U, 8. nautical milos. J 

1 U.S. nautical mile = 1 / 00 * of circumference of sphere whose surface equals ; 

that of the earth = 6080.27 fcet= 1.15155 statute miles = 18.5.3.27 meters. ; 

1 British nautical mlle=6080.00 feet=l.l6l52 statute miles =1853.19 meters. } 


Subpaces and Abeas 

1 sq. meter, ra® = 100 sq. decimeters, dm* = 10000 sq. centimeters, cm^. 
1 sq. meter, m* = 0.0i are, a = 0.0001 hectare, ha. 

1 sq. millimeter, mm3 = 0,01 cma= 0.00165 sq. inch = 1217,36 circ. mils. 
1 are, a = 1 h(i. decameter, dkm =0.0247104 acre. « 


Sq.Meteis, 

m* 

Sq. Inches, 
sq. in. 

Sq. Feet, 
sq. ft. 

Sq. Yards, 
sq.yd. 

Sq. Rods, 
sq. r. 

Acres, 

A 

Hectares, 

ha. 

Sq. Miles, 
Statute 

Sq. Kilo- 
meters, 
km* 

1 

1650.00 

10.7639 

1.19599 

0.03954 

0.82471 

0.0001 

0.U3861 

0.81 

0.86452 

1 

0.86944 

0.87716 

0.o255l 

0.O1694 

0.06462 

0.82401 

0.86452 

0.09290 

144 

1 

0.11111 

0.03673 

0.82296 

0.89290 

0.83587 

0.89290 

0.83613 

1296 

9 

1 

0.03306 

0.o2066 

0.J8361 

0.33228 

0.88361 

25.2930 

39204 

272.25 

30.25 

1 

0.00625 

0.52520 

0.89766 

0.o2520 

4046.87 

6272640 

43560 

4840 

160 

1 

0.40460 

0.81563 

0.84047 

10000 

15409969 

107639 

11959.9 

395.306 

2.47104 

1 

0.83861 

0,01 

2580999 


27878400 

3097600 

102400 

640 

259.000 

1 

2.60000 

1000000 


10763867 

1195986 

39536.6 

247.104 

100 

l0.386ld 

1 


1 sq. rod, sq. pole, or sq. perch = 625 sq. links =^eo acre. 

I sq. chain, Gunter’s=16 sq. roda=^o acre. 

1 acre =4 sq. roods = 160 sq. rods. Square of I acre = 208.7103 feet square. 


Notations §. I, t, etc., indicate that the u» u. u, etc., are to be replaced by 
2. 3, 4, etc., ciphers. 

E XAM sq. rod = 0.o9769 = 0.000009706 sq. miles. 

^ 
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MBASURBS AND WEI CHITS 


EQUIVALENTS OF MEASURE 

Volume and Capacity 

: 1 cu. meter, m* » 1000 cu. decimeter, dm* — 1000000 cu. centimeters, cm*. 
: 1 liter, l=al0 deciliters, dl=a;l00 centiliters, cl = 1000 milliliters, ml 
= 1000 cu. centimeters, cm*, or oc. 

1 liter, 1 = 0.1 decaliter, dkl = 0.01 hectoliter, hl = l cu. decimeter, dm«. 


Cubic 
Decimeter, 
dm«, 1 

Cubic 
Inchea, 
cu. in. 

Cubic 
Feet, 
cu. ft. 

Cubic 
Yards, 
cu. yd. 

U. S. Quarts i 

U. S. Gallons 

U. S. 
Bushels, 
bu. 

Liquid, 

1. gt. 

Dry, 
d. qt. 

Liquid, 

1. gal. 


1 

61.0234 

0.035^1 

0.?)1308 

1.05668 

0.90808 

0.26417 

0.22702 

0.02838 

0.01039 

1 

0.O5787 

0.O2143 

0.01732 

0.01488 

lo.o4.329 

0.g3720 

0.04650 

28.3170 

1728 

1 

0.03704 

i 29.9221 

25.7140 

7.48055 

6.42851 

0.80356 

704.659 

46656 

27 

1 

807.896 

694.279 

201.974 

173.570 

21.6962 

0.94636 

67.75 

0.03342 

0.h2.38 

1 

0.85937 

0.26 

0.21484 

0.02686 

1.10123 

67.2000 

0.03889 

0.O1440 

1.16365 

1 

0.29091 

0.25 

0.03125 

3.78643 

231 

0.13368 

0.«4951 

4 

3.43747 

1 

0.85937 

0.10742 

4.40492 

268.803 

0.15556 

0.O5761 

4.65460 

4 

1.16366 

1 

0.125 

35.2393 

21.50.42 

1.24446 

0.04609 

37.2368 

32 

9.30920 

8 

1 


; U. S. Dry Measure : 1 bushel = 4 pecks = 8 gallons = 32 quarts = 64 pints. 

! U. S. Liquid Measure: 1 gallon=4 quart8=8 pints=^32 gills=128 fluid ounces. 
‘ U. S. Apoth. Measure: 1 fl. ounce, =8 fl. drams, f3 =480 minims, n^, 


= uu. eiu". 

( British Imperial gallon dry and liquid measure = 1.03202 U. S. dry gal. 
! = 1.2009^1 U. S. liquid gal. 

I British Imperial gallon = 277.410 cu. in. = 4545.9631 cm*. 

: Weight of water at maximum density, 4°C, 45® Lat., and sea level, 

i 1 cu. ft. = 62.4283 lbs. av. = 28.3170 kg 1 CU. in. = 0.57804 oz. av. = 16.3872 g. 

! 1 gal., U. 8. liquid = 8.34545 lbs. =3.78543 kg. 

, I 1 gal., British Imperial = 10.0221 lbs. =4.5459631 kg. 

I Masses and Weights 

I 1 gram, g= 10 decigrams, dg= 100 centigrams, eg = 1000 milligrams, mg. 

1 gram, g = 0.1 decagram, dkg = 0.01 hectogram. Tig = 0.001 kilogram, kg. 

! 1 kilogram, kg = l cu. dotrimotcr of water or liter, 4®0, 45® Lat. and sea level 
j 15432.35639 grains, U. 8. and British Standard. 


Kilo- 

grams, 

kg. 

Grains, 

gr. 

Ounces 

Pounds 

Tons 

Troy, 
os. t. 

Avoir, 
os. av. 

Troy, 
lb. t. 

Avoir, 
Ih av. 

Not, 
Short, 
2000 lbs. 

Gross, 

Long, 

224Ulbe. 

Metric, 
1000 kg. 

1 

15432.4 

32.1507 

35.2740 

2.67923 

2.20462 

O. 0 IIO 2 

0.U9842 

D.OOl 

0.^6480 

1 

0.O2083 

0.S22S6 

0.O1736 

0.01429 

0.07143 

0. 0 6378 

0. 06480 

0.03110 

480 

1 

1.09714 

0.08333 

0.06857 

0.^3429 

0.S3061 

O.uSllO 

0.02835 

437.6 

0.91146 

1 

0,07695 

0.06250 

0.^3126 

0.o2790 

0.^2835 

0.37324 

5700 

12 

13.1657 

1 

0.82286 

O.o4114 

0.O3874 

0.S3732 

0.45359 

7000 

14.6833 

16 

1.21528 

1 

0.00050 

0.04464 

0.S4536 

907.185 

14000000 

29166.7 

32000 

2430.56 

2000 

1 

0.89286 

0.90719 

1016.05 

15680000 

32666,7 

35840 

2722.22 

2240 

1.12 

1 

1.01605 

1000 


32160.7 

36274.0 

2679.23 

2204.62 

1.10231 

0.08421 

1 


1 ounce avoir. = 16 drams, avoir. 1 ounce troy =20 pennyweight, dwt. 

1 ounce apoth., S =6 drams, 3=24 scruples, 3=480 grains, gr=31.1035 g. 

1 hundmm^nt=l/20 long ton=4 quarters=8 stone =112 lbs. =50.8024 Kg. 


Notations o. *• ^ etc., indicate that the I, S* o> etc., are to be replaced by 
2, '3, 4, etc., ciphers. 

ExAMPLn^l grain = 0.o2083= 0.002088 os. t. 1 grain=0.$6480=0.00006480 kg. 
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CARNBQIB STBBL COMPANY 


Forces or W 

1 dyne per centin 
1 gram per contln 
1 poundal per Inc 

EQUIVALENTS OF MEASURE 

EIGHTS PER Units op Length, Linear Weights 

leter = 0,00101979 g/cm = 0.000183719 poundal/ln. 

aeter= 980.5906 dynes/cm = 0.180154 poundal/in. 
h = 5443. 1 1 dynea/cm = 5.5508 1 g/cm = 0.03 10832 pouild/ln. 

Grams 

per 

Centl- 

meter 

g/cm 

Grains 
per Inch, 
gr./in. 

Pounds 
per Inch, 
Ib./in. ' 

Pounds 
per Foot, 
Ib./ft. 

Pounds 
per Yard, 
li)./yd. 

Kilograms 
per Meter 
kg/m 

Net Tons, 
2000 Ihe., 
per Mile 

Gross 
Tons, 
2240 lbs., 
per Mile 

Metric 

Tons, 

1000 kg, 
per 

Kilometer 

1 

0.02551 

178.570 

14.8816 

4.96054 

10 

5.63698 

6.31342 

10 

39.1983 

1 

7000 

583.333 

194.444 

391.983 
220.900 
247.475 

301.983 

0.8.5600 
0.5 1429 
1 

0.08333 

0.02778 

0.05600 

0.031.57 

0.a3535 

0,05000 

0.06720 

0.01714 

12 

1 

0.3.3333 

0.67197 

0.37879 

0.42424 

0.67197 

0.20159 

0.o5143 

36 

3 

1 

2.01691 

1.1,3636 

1.27273 

2.01591 

0.10 

0.02551 

17.8579 

1.48810 

0.49605 

1 

0.56370 

0.63134 

1 

0,17740 

0,^4526 

31.0800 

2.64000 

0.88000 

1.77400 

1 

1.12 

1.77400 

0.15839 

0.04041 

28.2857 

2.35714 

0.78571 

1.58393 

0.89286 

1 

1.58393 

0.10 

0.22551 

17.8579 

1.48816 

0.49605 

1 

0.56370 

0.63134 

1 

Forces or Weights per Units of Area, Pressure 

1 dynepersq. centimeter— 0.00101979 g/cm^ =0.000468646 poundals/ina. 

1 gram per sq.centlmeter= 980.5966dynes/cm*=0.457592 poundals/ln^. 

1 poundal persq. Inch =2142.95 dyno.s/cm3 =2.18536 g/cm»=0.031f)832pound/ln*. 

Kilograms 

per 

Sq. Ceati- 
meter, 
kg/cm!* 

Pounds 

per 

Sq. inch, 
lb./in.2 

Pounds 

per 

Sq. Foot, 
lb./ft.2 

Net Tons, 
2000 lbs. 
per 

Sq, Foot 

Atmos- 
pheres, 
Standard, 
700 mm 

Columns of Merrury, 
Ilg. 13.59593 Bp. G. 

Columns of Water, 
Max. Density 4® C 

Milii- 

meters 

Inches 

Meters 

Feet 

1 

0.07031 

0.fl4882 

0.97048 

1.03329 

0.S1360 

0.03453 

0.10 

0.03048 

14.2234 

1 

0.06944 

13.8889 

14.6909 

0.01934 

0.49119 

1.42234 

0.43363 

2048.17 

144 

1 

2000 

2116.36 

2,78468 

70.7310 

204.817 

62.4283 

1,02408 

0.07200 

0-00050 

1 

1.06818 

1.01392 

0,03537 

0.10241 

0.03121 

0.90778 

0.06804 

0.04725 

0.94502 

1 

0.U131G 

0.03342 

0.09678 

0.02950 

735.514 

51.7116 

0.35911 

718.216 

760 

1 

2.5.4001 

73.5514 

22.4186 

28.9572 

2.03588 

0.01414 

28.2762 

29.9212 

0.03937 

1 

2.89672 

0.88262 

10 

0.70307 

0.04882 

9.76482 

10.3329 

0.01360 

0.34534 

1 

030480 

32.8083 

2.30666 

0.01602 

32.0367 

33.9006 

0.04461 

1.13299 

3.28083 

1 

Forces or Weights per Units op Volume, Density 

1 dyne per cu. centimeter =0.00101979 gram/cm» =0.00118528 poundal8/in«. 

1 gram per cu. centimeter =980.5966 dynes/emo = 1.162283 poundals/in». 

1 poundal per cu. Inch =843.683 dyno8/cra»= 0.860378 g/cm8= 0.03 10832 pound/In». 

Grams ' 
per 

Cu.CeQti' 

meter, 

g/cm* 

Founds 

per 

Cu. Inch, 
lb./ia.« 

Pounds 

per 

Cu. Foot, 
lb./ft.« 

Founds 

per 

Cu-Yaitl, 

lb,/yd.* 

Kilt^rains 

per 

Cu. Meter, 
kg/m* 

Founds 

per 

Bushel, 
U. S. 

Pounds 

per 

Gallon, 

Dry, 

U. 8. 

Pounds 

per 

Gallon, 
Liquid, 
U. 8. 

Kilograms 

per 

Hectoliter, 

kg/hl 

1 

0.03013 

1 

0.05787 

0.O2143 

0.^3613 

0.§4650 

0.o3720 

0.04329 

0.83613 

62.4283 

1728 

1 

0.03704 

0.06243 

0.80356 

6.42851 

7.48052 

0.62428 

1686.66 

46656 

27 

1 

1.68556 

21.6962 

173.670 

201.974 

16.8557 



1 

8.34545 

231 

0.13368 

o’o495l 

0.08345 

0.10742 

0.85937 

1 

0.08345 


Notations o* O) m etc., indicate that the o, o, etc., are to be replaced by 

2. 8. 4, etc. ciphers. Examplu-I kg/m* = 0.^613 = 0.00003618 Ib./in*. 
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MlgASURES AND WEIGHTS 


EQUIVALENTS OF MEASURE 

Energy, Work, Heat 


1 dyne-centlmeter=l org— 0.00101979 gram-centimeter— O.o7376l2 foot-pound. 
1 gram-centImetor= 980.5966 ergs=0.o7233 foot-pound. 

1 foot-pound— 13557300 ergs— 13825.5 gram-centimeters. 


Kilogram- 

Foot- 1 Horsepower-hour | 

Poncelet- , 

A 

iJ 

Joules, 

1 Thermal Units 

meters, 

kg-m 

Pounds, u. 8., 
ft.-lbB. H. P..k 

Metric, 

75kg-m-h 

1 hours, 
lOOkg-m-h 

hours, 

kw-h 

107 erp, 

j-8 

B. T. U. 
b.t.u. 

Calorie, 

kg-cal 

1 

7.23300 0.036S3 

0.O3704 

0.o277S 

0.{{2724 

9.80597 

0.29296 

0.0 2342 

0.13826 

1 0.O5051 

0.05121 

0.O3840 

0.23766 

1.35573 

0.01285 

0.03239 

273T45 

1980000 1 • 

1.01387 

0.76040 

0.74565 

2684340 

2544.65 

641.240 

270000 

1952910 0.98632 

1 

0.75 

0.7.3545 

2647610 

2.509.83 

632.467 

360000 

2603880 1.31509 

1.3.3.3.33 

1 

0.98060 

35301471 

3.346.44 

843.289 

367123 

!26654a3 1..34111 

1.3.5972 

1.01979 

1 

3600000 

3412.66 

859.975 

0.10198 

0.7.3761 0.03725 

0.03777 

0.02833 

0.02778 

1 

0.O9480 

0.22389 

107,577 

778.104 0.o3930 

0.O3984 

0.02988 

0.O2930 

1054.90 

1 

0.26200 

426.000 

3087.77 O.o 15.59 

O.ol581 

O.ollSO 

O.oll63 

4186.17 

3.96832 

1 


Power, Rate of Energy and Heat 


j 1 erg per sec.=l dyne-cm/soc.=0.00101979 gram-cm/sec. — 0.o737612 foot-pounds/sec. 

1 gram-centimeter per second— 980.5966 ergs/soc.=0.o72.38 foot-poimds/sec. 

I 1 loot-pou nd per seco nd — I35573 QQ ergs/set^ — 13825.5 gr am-cm/sec. 


Kilogram- 

meters 

Foot- 

pounds 

Horsepower 

Poncelet, 


Watts, 

Thermal Units 
per Sec. 

per 

Second, 

kg-m/s 

per 

Second, 

ft.-Ibs ./8 

U. S., Metric, 

550 75 

ft.-lbs./s kg-m/s 

100 

kg-m/s 

Kilowatt, 

kw. 

lO^crgs/s 

B.T.U. Calorie 
btu/s kg-cal/s 

1 

7.23300 

0.01315 0.01333 

O.Ol 

0.09806 

9.80597 

0.0 9296 0.02342 

0.13826 

1 

O. 0 I 8 I 8 0. 01843 

O.o 138:1 

0.01366 

1.35573 

0.51285 0. 03237 

76.0404 

560 

1 1.01387 

0.76040 

0.74565 

746.660 

0.70686 0.i7812 

75 

542.475 

0.98632 1 

0.76 

0.73545 

735.448 

0.69718 0.17569 

100 

723.300 

1.31509 1.333.33 

1 

0.98060 

980.597 

0.92957 0.23425 

101.079 

737.612 

1.34111 1.35972 

1.01979 

1 

1000 

0.94796 0.23888 

0.10198 

0.73761 

O. 0 I 34 I 0.0 1360 

O. 0 IO 2 O 

0.001 

1 

0.2 9480 0.22380 

107.677 

778. 

1.41474 1.43436 

1.07577 

1.05490 

1054.90 

1 0.25200 

426.900 

3087,771 

5.6141216.69200 

4.26900 

4.18617 

4186.17 

3.96832 1 


I Velocities and Accelerations 

I 1 kine— 1 centimeter per second =0.0328083 foot per second. 

I 1 radian i>er 8econd=:57.2958 degrees per sec. =0.150155 revolutions per sec. 

! 1 grav ity =980.5 966 centimete rs per sec, p er sec. =32. 1717 feet per see, per sec. 


Meters Feet 

per per 

Second, Second, 

m/s ft./8 

Knots 
per Hour, 
U. S. 

Kilo- 

meters 

Hour, 

km/h 

Meter Feet 

per per 

sec/seo sec/sec 

m/B» ft./8a 

Miles 
per ! 
hour/soc 
M/h-s 

Kilometer 

per 

hour/seo 

km/h-8 

1 3.28083 2.23693 

1.94254 

3.6 




0.30480 1 0.68182 

0.59200 

1.09728 




0.44704 1.46667 1 

0.86830 

1.60935 




0.51470 1.68804 1.15155 

1 

1.85325 




0.27778 0.91134 0.62137 

0.63059 

1 







1 3.28083 

2.23693 

3.6 




0.30480 1 

0.68182 

1.00728 




0.44704 1.46667 

1 

1.60035 




0.27778 0.91134 

0.62137 

1 


Notations ^, S, i, etc., indicate that the oi o> etc., are to be replaced by 
2, 8, i, etc.» dphen. Exauplih-I 0alorie=0.oll63=>0.001163]dlovatt-bour8. 
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CARNEGIE STEEL COMPANY 


METRIC CONVERSION TABLES 

Inches to Centimeters — 1 in.=2.640005 cm 



0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

0 


2.540 

5.080 

7.620 

10.160 

12.700 

15.240 

17.780 

20.320 

22.860 

1 

25.400 

27.940 

30,480 

33.020 

35.560 

38.100 

40.640 

43.180 

45.720 

48.260 

2 

60.800 

53.340 

55.880 

58.420 

60.960 

63.600 

66.040 

68..580 

71.120 

73.660 

3 

76.200 

78.740 

81.280 

83.820 

86,360 

88.900 

91.440 

93.980 

96.520 

99.060 

4 

101.600 

104.140 

106.680 

109.220 

111.760 

114.300 

116.840 

119.380 

121.920 

124.460 

5 

127.000 

129.540 

132.080 

134.620 

137.160 

1.39.700 

142.240 

144.780 

147.320 

149.860 

6 

152.400 

154.940 

157.480 

160.020 

162..560 

165.100 

167.$40 

170.180 

172.720 

175.260 

7 

177.8( K ) 

180.340 

182.880 

185.420 

187.960 

190.500 

193.040 

195.580 

108.120 

^.660 

8 

203.200 

205.740 

208.280 

210.820 

213.360 

215.900 

218.440 

220.980 

223.520 

226.060 

9 

228.600 

231.140 

233.680 

236.220 

238.760 

241.300 

243.840 

246.380 

248.920 

251.460 


Inchk . s 3 q-o Ce \' timeter . s 2 

—1 in 

2=6,451025 cm ® 



0 

. 

2 

3 

4 

s 

6 

7 

8 

9 

0 


6.4.‘>2 

12.903 

19.355 

25.807 

32.258 

38.710 

45.161 

51.613 

58.065 

1 

64.516 

70.968 

77.420 

83.871 

90.323 

96.774 

103.226 

109.678 

116.129 

122.681 

2 

129.033 

135.484 

141.936 

148.387 

154.839 

161.291 

167.742 

174.194 

180.646 

187.097 

3 

193.549 

200.000 

206.452 

212.904 

219.355 

225.807 

233.259 

238.710 

245.162 

251.613 

4 

258.065 

264.517 

270.968 

277.420 

283.872 

290.323 

296.775 

303.226 

309.678 

316.130 

5 

322..581 

329.033 

335.485 

341.936 

348.388 

354.839 

361,291 

367.743 

374.194 

380.646 

6 

387.098 

393..549 

400.001 

406.452 

412.904 

419.356 

425.807 

4.32.259 

438,711 

445.162 

7 

451.614 

458.065 

464,617 

470.969 

477.420 

483.872 

400.324 

496.775 

503.227 

509.078 

8 

616.130 

522.582 

.529.033 

535.485 

541.937 

548.388 

554.840 

661.291 

567.743 

574.195 

9 

580.646 

587.098 

593,550 

600.001 

606.453 

6)2.904 

619..356 

625,808 

632.259 

038.711 


Inches^ to Centimeters® 

— 1 in.8==l6.387io cm® 


S 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 


16.39 

32.77 

49.10 

65.55 

81.94 

98.32 

114.71 

131,10 

147.48 

1 

163.87 

180.26 

196.65 

213. a 3 

229.42 

245.81 

262.19 

278.58 

294.97 

311.36 

2 

327.74 

344.13 

360.52 

376.90 

393.29 

409.08 

426.07 

442.46 

458.84 

475.23 

3 

491.61 

608.00 

624..39 

540.78 

657.16 

573.55 

589.94 

606.32 

622.71 

639.10 

4 

655.49 

671.87 

688.26 

704.65 

721.04 

737.42 

753.81 

770.20 

786.68 

802.97 

6 

819.36 

835.75 

852.13 

868.52 

• 884.91 

901.29 

917.68 

934.07 

950.46 

966.84 

6 

983.23 

999.62 

1016.00 

1032.39 

1048.78 

1065.17 

1081,55 

1097.94 

1114.33 

1130.71 

7 

1147.10 

1163.49 

1179.88 

1196.26 

1212.65 

1229.04 

1245.42 

1261.81 

1278.20 

1204.59 

8 

1310.97 

1327.38 

1343.75 

1360.13 

1378.52 

1392.91 

1409.30 

1425.68 

1442.07 

1458.46 

__9 

1474.84 

1491.23 

1507.62 

1524.01 

1540.39 

1556.78 

1573.17 

1589.85 

1605.94 

1622.33 


Inche.s^ to Centimeteh.s^' 

— 1 in.4^41. 02347 cm4 


Si 

0 

1 

2 

3 

4 

5 

0 . 

7 

8 

0 

0 


41.62 

83.25 

124.87 

166.49 

208.12 

249.74 

291.36 

332.09 

374.61 

1 

416.23 

457.86 

499.48 

541.11 

682.73 

624.35 

665.98 

707.60 

749.22 

790.85 

2 

832.47 

874.09 

915.72 

957.34 

998.98 

1040.59 

1082.21 

1123.83 

1165.46 

1207.08 

3 

1248.70 

1290.33 

1331.95 

1373.57 

1415.20 

1456.82 

1498.44 

1540.07 

1581.60 

1623.32 

4 . 

1664.64 

1706,56 

1748.19 

1789.81 

1831.43 

1873.06 

1914.68 

1958.30 

1997.93 

2039.65 

5 

2081.17 

2122.80 

2164.42 

2208.04 

2247.07 

2289.29 

2330.01 

2372.54 

2414.16 

2456.78 

6 

2497.41 

2539.03 

2580.66 

2622.28 

2663.90 

2705.53 

2747.15 

2788.77 

2830.40 

2872.02 

7 

2913.64 

2966.27 

2996.89 

3038.51 

3080,14 

3121.76 

3163.38 

3205.01 

3246.63 

3288.25 

8 

3329.88 

3371,60 

3413.12 

3454.75 

8496.37 

3537.991 

3579.62 

3621.24 

3662.87 

3704.49 

9 

3746.11 

3787.74 

3829.36 

3870.98 

3912.61 

3954.231 3995.85 

4037.48 

4079.10 

1 4120.72 
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MBASURfiS AND WEIGHTS 


1 METRIC CONVERSION TABLES j 

1 Centimeters to Inches— lcm=0.3937 in. | 

>4^ 
% ^ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 


0.3937 

0.7874 

1.1811 

1.5748 

1.9685 

2.3622 

2.7559 

3.1496 

3.5433 

1 

3.9370 

4.3307 

4.7244 

5.1181 

6.5118 

5.9065 

6.2992 

6.6929 

7.0866 

7.4803 

2 

7.8740 

8.2677 

8.6614 

9.0551 

9.4488 

9.8425 

10.2362 

10.6290 

11.0236 

11.4173 

3 

11.8110 

12.2047 

12.5984 

12.9921 

13.38.58 

13.7795 

14.1732 

14.5669 

14.9606 

15.3543 

4 

15.7480 

16.1417 

16.5354 

16.9291 

17.3228 

17.7165 

18.1102 

18.5039 

18.8976 

19.2913 

5 

19.6850 

20.0787 

20.4724 

20.8661 

21.2598 

21.6535 

22.0472 

22.4409 

22.8.346 

23.2283 

6 

23.6220 

24.0157 

2^4094 

24.8031 

25.1968 

25.5005 

25.9842 

26.3779 

26.7716 

27.1653 

7 

27.5590 

27.9527 

28.3464 

28.7401 

29.1338 

29.6275 

29.9212 

30.3149 

30.7086 

31.1023 

8 

31.4960 

31.8897 

32.28.34 

32.8771 

33.0708 

33.4645 

33.8582 

34.2510 

34.6456 

35.0393 

9 

35.4330 

35.8267 

36.2204 

36.6141 

37.0078 

37.4015 

37.7952 

38.1880 

38.5820 

38.9763 


Centimeters^ to Inches^- 

-1 cm2=0. 15499069 in.». 



0 

1 

2 

5 

4 

5 

6 

7 

8 

9 

0 


0.1550 

0.3100 

0.4660 

0.6200 

0.7750 

0.9300 

1.0850 

1.2400 

1.3950 

1 

1.5500 

1.7050 

1.8600 

2.0150 

2.1700 

2.3250 

2.4800 

2.6350 

2.7900 

2.9450 

2 

3.1000 

3.2650 

3.4100 

3.5650 

3.7200 

3.8750 

4.0300 

4.1850 

4.3400 

4.4950 

3 

4.6500 

4.8050 

4.9600 

5.1150 

5.2700 

5.4250 

5.5800 

5.7350 

5.8900 

6.0450 

4 

6.2000 

6.3550 

6.5100 

6.6650 

6.8200 

6.9750 

7.1300 

7.2850 

7.4400 

7.5950 

5 

7.7500 

7.9060 

8.0600 

8.2150 

8.3700 

8.5250 

8.6800 

8.8350 

8.9900 

0.1450 

6 

9.3000 

9.4650 

9.6100 

9.7660 

9.9200 

10.0750 

10.2300 

10.3850 

10.5400 

10.6950 

7 

10.8500 

11.0060 

11.1600 

11.3160 

11.4700 

11.6250 

11.7800 

11.0350 

12.0900 

12.2450 

8 

12.4000 

12.5560 

12.7100 

12.8650 

13.0200 

13.1750 

13.3300 

13.4850 

13.6400 

13.7950 

9 

13.9500 

14.1050 

14.2600; 14.4150 

14.5700 

14.7250 

14.8800 

15.03.50 

15.1000 

15.3450 


Centimeters^ 

TO Inches^- 

-1 Cm3~0.06l02.31 in.3. 


% 

0 

1 

2 

3 

4 


6 

7 

8 

9 

0 


0.06102 

0.12205 

0.18307 

0.24409 

0.30512 

0.36614 

0.42716 

0.48819 

0.54921 

1 

0.61023 

0.67126 

0.73228 

0.79330 

0.85433 

0.91635 

0.97637 

1.03740 

1.00842 

1.15944 

2 

1.22047 

«.28140 

1.34251 

1.40354 

1.46456 

1.52559 

1.58601 

1.64763 

1.70866 

i. 76968 

3 

1.83070 

1.89173 

1.95275 

2.01377 

2.07480 

2.13582 

2.19684 

2.25787 

2.31880 

2.37991 

4 

2.44094 

2.50196 

2.56298 

2.62401 

2.68503 

2.74605 

2.80708 

2.86810 

2.92912 

2.99015 

5 

3.05117 

3.11219 

3.17322 

3.23424 

3.29526 

3.35629 

3.41731 

3.47833 

3.53936 

3.60038 

e 

3.60140 

3.72243 

3.78345 

3.84447 

3.90550 

3.96862 

4.02764 

4.08857 

4.14959 

4.21061 

7 1 

4.27164 

4.3.3266 

4.39368 

4.45471 

4.61573 

4.57676 

4.63778 

4.69880 

4.75983 

: 4.82085 

8 1 

4.88187 

4.94290 

5.00392 

5.00494 

5.12597 

5.18699 

5.24801 

5.30004 

5.37006 

5.43108 

0 1 

6.40211 

5.55313 

5.61415 

6.67518 

5.73620 

6.79722 

5.85825 

6.01927 

5.98029 

6.04132 

Centimeters'*' to Inches-*' — 1 cm4«0.0240249 in.*. 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 


0.02402 

0.04805 

0.07207 

0.09610 

0.12012 

0.14415 

0.16817 

0.19220 

0.21622 

1 

^.24025 

0.26427 

0.28830 

0.31232 

0.33635 

0.38037 

0.38440 

0.40842 

0.43245 

0.45647 

2 

0.48050 

0.50452 

0.62855 

0.55267 

0.57660 

0.60062 

0.62465 

0.64867 

0.67270 

0.69672 

3 

0.72076 

0.74477 

0.78880 

0.79282 

0.81685 

0.84087 

0.86460 

0.88892 

0.91296 

0.93697 

4 

0.96100 

0.98502 

1.00905 

1.03807 

1.05710 

1.08112 

1.10515 

1.12917 

1.15320 

1.17722 

5 

1.20125 

1.22527 

1.24930 

1.27332 

1.29734 

1.32137 

1.34539 

1.36942 

1.39344 

1.41747 

6 

1.44149 

1.46562 

1.48954 

1.61357 

1.53759 

1.56162 

1.58564 

1.60967 

1.63369 

1.85772 

7 

1.88174 

1.70677 

1.72979 

1.76382 

1J7784 

1.80187 

1.82589 

1.84992 

1.87394 

1.89797 

8 

1.02109 

1.94602 

1.97004 

1.99407 

2.01809 

2.04312 

2.06614 

2.09017 

2.11410 

2.13822 

9 

2.16224 

^.18627 

2.21029 

2.23432 

2.25834 

2.28237 

2.30630 

2.33042 

2.35444 

2.37847 
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CARNBQIE 8TBBL COMPANY 


METRIC CONVERSION TABLES 
Feet to Meters — 1 fi.==o.3048006 m 



0 

1 

2 

3 

4 

5 

0 

7 

8 1 

9 

0 


0.3048 

0.6090 

0.9144 

1.2192 

1.5240 

1.8288 

2.1336 

2.4384 

2.7432 

1 

3.0480 

3.3528 

3.6576 

3.0624 

4.2672 

4.5720 

4.8768 

5.1816 

5.4864 

5.7912 

2 

6.0960 

6.4008 

6.7056 

7.0104 

7.3152 

7.6200 

7.9248 

8.2296 

8.5344 

8.8392 

3 

9.1440 

9.4488 

9.7536 

10.0584 

10.3632 

10.6680 

10.9728 

11.2776 

11.5824 

11.8872 

4 

12.1920 

12.4968 

12.8016 

13.1064 

13.4112 

13.7160 

14.0208 

14.3256 

14.6304 

14.9352 

5 

15.2400 

15.5448 

15.8496 

16.1544 

16.4.592 

16.7640 

17.0688 

17.3736 

17.6784 

17.9832 

6 

18.2880 

18.5928 

18.8976 

19.2024 

19.5072 

19.8120 

20.1168 

20.4216 

20.7264 

21.0312 

7 

21.3360 

21.6408 

21.9456 

22.2504 

22.5552 

22.8600 

23.1648 

23.4696 

23.7744 

24.0792 

8 

24.3840 

24.6888 

24.9936 

25.2984 

25.6033 

25.9081 

26.2129 

28.5177 

26.8225 

27.1273 

9 

27.4321 

27.7369 

28.0417 

28.3465 

28.6513 

28.9561 

29.2609 

29.5657 

29.8705 

30.1753 


Pounds per Foot to Kilograms per Meter — 1 lb. /ft.— 1.488161 kg/m 



J 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 


1.488 

2.978 

4.464 

5.953 

7.441 

8.929; 

10.417 

11,905 

13.393 

1 

14.882 

16.370 

17.858 

19.346 

20.834 

22.322 

23.811 

25.299 

26.787 

28.275 

«2 

29.763 

31.251 

32.740 

34.228 

35.716 

37.204 

38.692 

40.180 

41.669 

43.167 

3 

44.645 

46.133 

47.621 

49.109 

50..597 

52.086 

53.574 

55.062 

56.550 

58.038 

4 

59.526 

61.015 

02.503 

63.991 

65 479| 

66.967 

68.455 

69.944 

71.432 

72.920 

5 

74.408 

75.896 

77.384 

78.873 

80.361 

81.849 

83.337 

84.825 

86.313 

87.802 

6 

89.290 

90.778 

92.266 

93.754 

95.242 

96.730 

98.219 

99.707 

101.195 

102.683 

7 

104.171 

105.659 

107.148 

108.636 

110.124 

111.612 

113.100 

114.588 

116.077 

117.565 

8 

119.053 

120.541 

122.029 

123.517 

125.006 

126.494 

127.982 

129.470 

130.958 

132.446 

9 

133.934 

185.423 

136.911 

138.399 

139.887 

1 141.375 

142.863 

144.352 

145.840 

147.328 


Pounds per Sq. Inch to Kg. per Sq. Cm.— -1 lb./in.g=o.0703067 kg/cm* 



0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

0 


0.07031 

0.14061 

0.21092 

0.28123 

0.35153 

0.42184 

0.49215 

0.56245 

0.63276 

1 

0.70307 

0.77337 

0.84368 

0.91399 

0.98429 

1.05460 

1.12491 

1.19521 

1.26552 

1.33583 

2 • 

1.40613 

1.47644 

1.54675 

1.61705 

1.68736 

1.75767 

1.82797 

1.898^ 

1.96859 

2.03889 

3 

2.10920 

2.17951 

2.24981 

2.32012 

2.39043 

2.46073 

2.53104 

2.60135 

2.67165 

2.74196 

4 

2.81227 

2.88257 

2.95288 

3.02319 

3.09349 

3.16380 

3.23411 

3.30441 

3.37472 

3.44503 

5 

3.51534 

3.58564 

3.65595 

3.72626 

3.79656 

3.86687 

3.93718 

4.00748 

4.07779 

4.14810 

6 

4.21840 

4.28871 

4.35902 

4.42932 

4.49963 

4.56994 

4.64024 

4.71055 

4.78086 

4.85116 

7 

4.92147 

4.99178 

5.06208 

5.13239 

5.20270 

5.27300 

5.34331 

5.41362 

5.48392 

5.55423 

8 

5.62454 

5.69484 

5.76515 

5.83546 

5.90576 

5.97607 

6.04638 

6.11668 

6.18699 

6.25730 

9 

6.32760 

6.39791 

6.46822 

6.53852 

6.60883 

6.67914 

6.74944 

6.81975 

6.89006 

6.96036 


Inch-Pounds to Kilogram-Centimeters — 1 in-lb.=i. 152127 kg-cm 



0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 


1.162 

2.304 

3.456 

4.609 

6.761 

6.913 

8565 

9.217 

10569 

1 

1 U 21 

12.673 

13.826 

14.978 

16.130 

17.282 

18.434 

19.586 

20.788 i 

21590 

2 

23.043 

24.195 

25.347 

26.499 

57.651 

28503 

29.955 

8:.107 

32560 

83512 

3 

34.564 

35.716 

36.868 

38.020 

39.172 

40.324 

41.477 

42.629 

43.781 

44.933 

4 . 

46.085 

47.237 

48.389 

49.541 

50.694 

51.846 

52.998 

54.150 

55502 

56.454 

5 

57.606 

58.758 

59.911 

61.063 

62.216 

63.367 

64.519 

65.671 

66523 

67.975 

6 

69.128 

70.280 

71.432 

72.584 

73.736 

74.888 

76.040 

77.193 

78545 

79.497 

7 

80.649 

81.801 

82.953 

84.105 

85.257 

86.410 

87562 

88.714 

89566 

91518 

8 

92.170 

93.322 

94.474 

95.627 

96.779 

97.931 

99.083 

100.235 

101587 

102539 

9 

103.691 

104.844 

105.906 

107.148 

108500 

109.4521 

110.604 

111.756 

112.908 

114561 


378 





MEASURES AND WBiQHTS 


METRIC CONVERSION TABLES 

Meters to Feet — 1 m=3.2808333 ft. 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 


3.281 

6.562 

9.843 

13.123 

16.404 

10.685 

22.066 

26.247 

29.528 

1 

■ 32.808 

36.089 

30.370 

42.651 

45.932 

40.213 

62.493 

65.774 

59.055 

62.330 

2 

65.617 

68.898 

72.178 

75.459 

78.740 

82.021 

85.302 

88.583 

91.863 

95.144 

3 

98.425 

101.706 

104.987 

108.268 

111.648 

114.829 

118.110. 

121.391 

124.672 

127.953 

4 

131.233 

134.514 

137.795 

141.076 

144..357 

147.638 

150.918 

1.54.199 

157.480 

160.761 

5 

164.042 

167.323 

170.603 

173.884 

177..165 

180.446 

183.727 

187,008 

190.288 

193.569 

6 

196.850 

200.131 

203.412 

206.693 

209.973 

21.3.254 

216.535 

219.816 

223.097 

220.378 

7 

229.658 

232.939 

2ife.220 

239.501 

242.782 

246.063 

249.34.3 

252.624 

255.905 

259.180 

8 

262.467 

265.748 

269.028 

272.309 

275.590 

278.871 

282.1.52 

285.433 

288.713 

291.994 

9 

295.275 

298.556 

301,837 

30.5.118 

.308.398 

.311.670 

314.960 

318.241 

321.522 

324.803 

Kilograms Per Meter to Pounds Per Foot— 1 kg/m=o.67i97 Ib./ft. 













0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

0 


0.6720 

1.3439 

2.0159 

2.6879 

3.3509 

4.0318 

4.7038 

5.3758 

6.0477 

1 

6.7197 

7.3917 

8.0636 

8.7356 

9.4076 

10.0796 

10.7515 

11.4235 

12.0955 

12.7674 

2 

13.4394 

14.1114 

14.7833 

15.4553 

16.1273 

16.7993 

17.4712 

18.1432 

18.8152 

19.4871 

3 

20.1591 

20.83U 

21.5030 

22.1750 

22.8470 

23.5190 

24.1909 

24.8629 

25.5340 

26.2068 

4 

26.8788 

27.5508 

28.2227 

28.8947 

29.5667 

30.2387 

30.0106 

31.5826 

32.2540 

32.9265 

6 

33.5985 

34.2705 

34.0424 

35.6144 

36.2864 

36.9584 

37.6303 

38,3022 

38.0743 

39.6462 

6 

40.3182 

40.0902 

41.6621 

42.3341 

43.0061 

43.6781 

44.3500 

‘45.0220 

45.6940 

46.3659 

7 

47.0379 

47.7099 

48.3818 

49.0538 

49.7258 

50.3978 

51.0697 

51.7417 

52.4137 

53.0856 

8 

53.7576 

54.4296 

55.1015 

55.7735 

56.4455 

67.1175 

57.7894 

58.4614 

59.1334 

59.8053 

9 

60.4773 

61.1493 

01.8212 

02.4932 

63.1652 

63.8372 

01.6091 

65.1811 

65.8531 

66.5250 

Ka. PER Sq. Cm. to Pounds per Sq. Inch — I kg/cm2==i4.2234 Ibs./in » 


0 

1 

2 

3 

4 

5 

0 

7 

8 

0 

0 


14.22 

28.45 

42.67 

56.89 

71,12 

85.34 

00.66 

113.79 

128.01 

1 

142.23 

156.46 

170.68 

184.90 

199.13 

213.35 

227.67 

241.80 

256.02 

270.24 

2 

284.47 

9298.69 

312.91 

327.14 

341.36 

355.50 

369.81 

384.03 

308.26 

412.48 

3 

426.70 

440.93 

455.15 

469.37 

483.60 

497.82 

512.04 

626.27 

540.49 

554.71 

4 

568.94 

583.16 

697.38 

611.61 

625.83 

640.05 

654.28 

668.50 

682.72 

606.95 

0 

711.17 

725.39 

739.62 

753.84 

768.06 

782.29 

706.51 

«10.73 

824.06 

839.18 

6 

853.40 

867.63 

881.85 

896.07 

910.30 

924.52 

938.74 

952.97 

967.10 

981.41 

7 

995.64 

1009.86 

1024.08 

1038.31 

1052.53 

1066.76 

1080.98 

1096.20 

1109.43 

1123.65 

8 

1137.87 

1152.10 

1166.32 

1180.54 

1194.77 

1208.99 

1233.21 

1237.44 

1251.66 

1265.88 

9 

1280.11 

1294.33 

1.308.66 

1322.78 

1337.00 

1351.22 

1365.45 

1379.67 

1393.89 

1408.12 

Kilogram-Centimeters to Inch-Pounds 

— 1 kg/cin=0.8679d 

in. /lb. 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 


0.8680 

1.7359 

2.0039 

3.4718 

4.3398 

5.2078 

6.0767 

6.9437 

7.8116 

1 

8.6766 

9.5476 

10.4155 

11.2835 

12.1514 

13.0194 

13.8874 

14.7563 

15.6233 

16.4912 

2 

17.3592 

18,2272 

19.0951 

19.9631 

20.8310 

21.6990 

22.6670 

23.4349 

24.3029 

25.1708 

3 

26.0388 

26.0068 

27.7747 

28.6427 

29.5106 

30.3786 

31.2466 

32.1145 

32.9825 

33.8504 

4 

34.7184 

35.5864 

36.4543 

37.3223 

38.1902 

39.0582 

30.0262 

40.7941 

41.6621 

42.5300 

0 

43.3980 

44.2660 

45.1339 

40.0010 

46.8698 

47.7378 

48.6058 

49.4787 

50.3417 

51.2096 

6 

52.0776 

52.0456 

63.8135 

54.6815 

55.5494 

66.4174 

67.2854 

68.1533 

50.0213 

50.8892 

7 

60.7572 

61.6252 

62.4931 

63.3611 

64.2200 

66.0970 

65.9650 

66.8329 

67.7009 

68.5688 

8 

69.4368 

70.3048 

71.1727 

72.0407 

72.9086 

73.7786 

74.6446 

75.6125 

76.8805 

77.2484 

9 

78.1164 

78.0844 

79.8523 

80.7203 

81.5882 

82.4562 

83^ 

811981 

86.0601 

85.0280 


379 






CARNBQiJB STBBt COMPANY 

METRIC CONVERSION TABLE 

Inches to Millimeters 


39.37 inches, U. S. atandard=l meter=100 centlmeters=1000 millimeters. 


Inches 

0 

Vis 


51 s 

* 54 

•Ha 

% 

Tio 

0 

0.00 

1.59 

3.18 

4.76 

6.36 

7.94 

9.53 

11.11 1 

1 

25.40 

26.99 

28.58 

30.16 

31.75 

33.34 

84.93 

36.61 i 

2 

50.80 

52.39 

.53.98 

65.56 

67.15 

58.74 

60.33 

61.91 1 

3 

76.20 

77.79 

79.38 

80.96 

82.55 

84.14 

85.73 

87.31 i 

4 

101.60 

103.19 

104.78 

106.36 

107.95 

/09.54 

111.13 

112.71 1 

5 

127.00 

128.59 

130.18 

131.76 

' 133.35 

134.94 

136.63 

138.11 

6 

152.40 

153.99 

1.55.68 

157.16 

168.75 

160.34 

161.93 

163.61 1 

7 

177.80 

179.39 

180.98 

182.56 

184.15 

185.74 

187.33 

188.91 

8 

203.20 

204.79 

206.38 

207.96 

209.65 

211.14 

212.73 

214.31 

9 

228.60 

2.30.10 

231.78 

233,36 

234.95 

230.54 

238.13 

239.71 

10 

254.00 

255.59 

257.18 

258.76 

260.35 

261.94 

263.53 

266.11 

11 

279.40 

280.90 

282.58 

284.16 

285.75 

287.34 

288.93 

290.61 

12 

304.80 

306.39 

307,98 

309,56 

311.15 

312.74 

314.33 

316.91 

13 

330.20 

331.79 

333.38 

3.34.96 

336.55 

338.14 

339.73 

341.31 

14 

3.55.60 

3.57.19 

3.58.78 

360.30 

361.95 

363.54 

366.13 

366.71 

15 

381.00 

382.50 

384.18 

.385.7<l 

387.35 

388.94 

390.63 

392.11 

Id 

406.40 

407.99 

409..58 

411.16 

412.75 

414.34 

415.93 

417.61 

17 

431.80 

433.39 

434.98 

436.56 

438.15 

439.74 

441.33 

442.91 

18 

457.20 

458.79 

460.38 

401.96 

•463.55 

46.5.14 

466.73 

468.31 

19 

482.60 

484.19 

485.78 

487.36 

488.95 

490.64 

492.13 

493.71 

20 

608.00 

509.69 

611.18 

512.76 

514.35 

515.94 

517.63 

519.11 

21 

533.40 

634.90 

536.58 

638.16 

539.75 

541.34 

642.93 

544.61 

22 

558.80 

560.39 

661.98 

663.56 

56.5.15 

666.74 

668.33 

569.91 

23 

584.20 

585.79 

687.38 

688.00 

590.55 

692.14 

693.73 

595.31 

24 

609.60 

611.19 

612.78 

614.36 

615.95 

617.54 

619.13 

620.71 

26 1 

635.00 

636.59 

638.18 

639.76 j 

641.35 

642.94 

644.53 

646.11 

i 20 

660.40 

661.99 

063..58 

665.16 

666.75 

668.34 

609.93 

671.61 

27 

685.80 

687.39 

688.98 

690.60 

692.15 

693.74 

696.33 

696.01 

1 28 

711.20 

712.79 

714.38 

716.96 

717.55 

719.14 

720.73 

722.31 

! 29 

736.60 

738.19 

739.78 

741.36 

742.95 

744.64 

£46.13 

747.71 

30 

762.00 

763.69 

765.18 

766.76 

768.36 

769.94 

771.63 

773.11 

31 

787.40 

733.09 

790.58 

792.16 

793.75 

795.34 

796.93 

798.51 

32 

812.80 

814.39 

815,98 

817,56 

819.15 

820.74 

822.33 

823.91 

33 

838.20 

839.79 

841.38 

842.96 

844.65 

846.14 

847.73 

840.31 

34 j 

863.60 

865.19 

866.78 

868.36 

869.95 

871. .54 

873.13 

874.71 

35 

889.00 

890.59 

892.18 

893.76 

895.35 

896.94 

898.53 

900.11 

36 

914.40 

915.99 

917..5.8 

919.16 

920.75 

922.34 

923.93 

925.61 

37 

939.80 

941.39 

942.98 

944..56 

946.15 

947.74 

949.33 

950.91 

38 ; 

965.20 

966.79 

968.38 

969.96 

971.65 

973.14 

974.73 

976.31 

39 j 

990.60 

992.19 

993.78 

995.36 

906.95 

998.54 

1000.13 

1001.71 

40 

1016.00 

1017.59 

1019.18 

1020,76 

1022.35 

1023.94 

1025.53 

1027.11 

41 

1041.40 

1042.09 

1044.58 

1046.16 

1047.76 

1040.34 

1060.93 

1052.51 

42 

1066.80 

1068.39 

1069.98 

1071.60 

107.3.16 

1074.74 

1076.33 

1077.91 

43 

1092.20 

1093.79 

109.5.38 

1096.90 

1098.66 

1100,14 

1101.73 

1103.31 

44 

1117.60 

1119.19 

1120.78 

1122.36 

1 123.95 

1125.64 

1127.13 

1128,71 

45 

1143.00 

1144.69 

1146.18 

1147.70 

1149.35 

1150.94 

1152.53 

1154.11 

46 

1168.40 

1169.99 

1171.58 

1173.16 

1174.76 

1176.34 

1177.93 

1179.61 

’ 47 

1193.80 

1196.39 

1196.98 

1198.56 

1200.15 

1201.74 

1203.33 

1204.91 

48 

1219.20 

1220.79 

1222.38 

1223.96 

1225.55 

1227.14 

1228.73 

1230.31 

40 j 

1244.60 

1246.19 

1247.781 

1249.361 

1250.96 

1252.54 

1254.13 

1266.71 

50 j 

1270.00 

1271.59 

1273.18 i 

1274.76] 

1276.35 

1277.94 

1279.53 

1281.11 



MEASURES AND WBIQHTS 


METRIC CONVERSION TABLE 


Inches to Millimeters 

I 

39.37 Inches, U. S. Standard^l meter=100 centlmeter8==:1000 millimeters 


Inches 

y « 


% 


% 


% 


0 

12.70 

14.29 

15.88 

17.46 

19.05 

20.64 

22.23 

23.81 

1 

38.10 

39.69 

41.28 

42.86 

44.45 

46.04 

47.63 

49.21 

2 

63. r >0| 

65.09 

60.68 

68.26 

69.85 

71.44 

73.03 

74.61 

3 

88.90 

90.49 

92.08 

93.00 

95.25 

96.84 

98.43 

100.01 

4 

114.30 

115.89. 

117.48 

119.00 

120.06 

122.24 

123.83 

125.41 

5 

139.70 

141.29 

142.88 

144.46 

140.05 

147.64 

149.23 

150.81 

6 

16.5.10 

166.69 

168.28 

109.86 

171.45 

173.04 

174.63 

176.21 

7 

190.50 

192.09 

193.68 

196.26 

190.85 

198.44 

200.03 

201,61 

8 

21.5.00 

217.49 

219.08 

220.66 

222.25 

223.84 

225.43 

227.01 

0 

241.30 

242.89 

244.48 

240.06 

247.05 

249.24 

250.83 

252.41 

10 

266.70 

268.29 

269.88 

271.46 

273.05 

274.04 

276.23 

277.81 

11 

292.10 

293.69 

295.28 ! 

296.80 

298.4.5 

300,04 1 

301.63 

303.21 

12 

317.50 

319.09 

320.08 

322.20 

323.85 

325.44 

327.03 

328.61 

13 

342.90 

344.49 

346.08 

347.66 

349.25 

.350.84 

352.43 

.3.54.01 

14 

368..30 

369.89 

371.48 

373.06 

374.65 

370.24 

377.83 

379.41 

16 

393.70 

395.29 

396.88 

398.46 

400.05 

401.04 

403.23 

404.81 

10 

419.10 

420.69 

422.28 

423.86 

426.45 

427.04 

428. 6 ;i 

430.21 

17 

444..50 

446.09 

447.68 

449.26 

4.50.8.5 

4,52.44 

454.03 

455.61 

18 

469.90 

471,49 

473.08 

474.66 

470.25 

477.84 

479.43 

481.01 

19 

495.30 

496.89 

498.48 

600.06 

,501.05 

603.24 

604.83 

606.41 

20 

620.70 

522.29 

623.88 

626.46 

627.05 

528.64 

530.23 

531.81 

21 

646.10 

,547.69 

549.28 

.550.86 

652.45 

6.54.04 

556.63 

.557.21 

22 

671.60 

673.09 

674.68 

676.26 

677.8.5 

579.4 4 

681.03 

682.61 

23 

696.90 

698.49 

600.08 

601.66 

603.2.5 

604.84 

606.43 

608.01 

24 

622.30 

623.89 

625.48 

627.06 

628.65 

630.24 

631.83 1 

633.41 

25 

647,70 

649.29 

660.88 

652.46 

664.05 

666.64 

067.23 

668.81 

26 

673.10 

674.69 

670.28 

677.86 

079.45 

681.04 

682.03 

684.21 

27 

698.60 

700.09 

701.68 

703.26 

704.85 

706.44 

708.03 

709.61 

28 

723.90 

725,49 

727.08 

728.66 

730.26 

731.84 

733.43 

7.3.5.01 

•29 

749.30, 

, 7,50.89 

752,48 

754.06 

766.66 

767.24 

768.83 1 

700.41 

30 

774.70' 

'776.29 

777.88 

779.46 

781.05 

782.64 

784.23! 

785.81 

31 

800.10 

801.09 

803.28 

804.861 

806.45 

808.04 i 

809.63 

811.21 

32 

82,5.50 

827.09 

828.68 

830.26 

831.85 

833.44 j 

835.03 

836.61 

33 

850.90 

852.49 

854.08 

855.66 

8.57.25 

858.84 ' 

800.43 

862.01 

34 

876.30 

877.89 

879,48 

881.061 

882.05 

884.24 

885.83 

887.41 

35 

901.70 

903.29 

904.88 

906.46 

908.05 

909.64 

911.23 

912.81 

36 

927.10 

928.69 

930.28 

931.86 

933.45 

935.04 

930.03 

9.38.21 

37 

9.52,.50 

954.09 

955.08 

957.26 

958.85 

960.44 

062.03 

963.61 

38 

977.00 

979.49 

981.08 

9. S 2.66 

984.26 

985.84 

987.43 

989.01 

39 

1003..30 

1004.89 

1006.48 

1008.061 

1009.65 

1011.24 

1012.83 

10 J 4.41 

40 

1028.70 j 

1030.29 

1031.88 

1033.46 

1036.05 

1036.64 

1038.23 j 

1039,81 

41 ! 

1064.10 

1056.69 

1057.28 

10.58.86 

1060.45 

1062.04 

1063.63 

1005.21 

42 I 

1079.50 

1081.09 

1082.68 

1084.26 

10.85.85 

1087.44 

1089.03 

1090.61 

43 ’i 

liai .90 

1106.49 

1108.08 

1109.66 

1111.25 

1112.84 

1114.43 

1116.01 

44 

11.30.30 

1131.89 

11.33.48 

1135.06 

1136.05 

1138.24 

1139.83 

] 141.41 

46 

1155.70 

1167,29 

1158.88 

1160.46 

1102.05 

1163.64 

1165.23 

1166.81 

46 

1181.10 

1182.69 

1184.28 

1185.86 

1187.45 

1189.04 

1190.63 

1192.21 

47 

1206.60 

1208.09; 

1209.68 

1211.26 

1212.85 

1214.44 

1216.03 

1217.61 

48 

1231,90 

1233.49 1 

1235.08 

1236.66 

1238.25 

1239.84 

1241.43 

1243.01 

49 

1257,30 

1268.89 

1260.48 

1262.00 

1203.65 

1265.24 

1266.83 

1268.41 

60 

1282.70 

1284.29] 

1286.88 

1287.46 

1289.05 

1290.64 

1292.23 

1203.81 
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CARNBQIB STBEL COMPANY 


METRIC CONVERSION TABLE 

Pounds Avoirdupois to Kilograms 


1 Pound=0.45369 Kilograms 


0.45 0.91 1.36 1.81 2.27 2.72 3.18 3.63 4.08 

4.64 4.99 6.44 6.90 6.35 6.80 7.26 7.71 8.16 8.62 

9.07 9.53 9.98 10.43 10.89 11.34 11.79 12.25 12.70 13.15 

13.61 14.06 14.51 14.97 15.42 16.88 1^33 16.78 17,24 17.69 

18.14 18.60 19.05 19.50 19.96 20.41 20.87 21.32 21.77 22.23 

22.68 23.13 23.69 24.04 24.49 24.95 25.40 25.85 26.31 26.76 

27.22 27.67 28.12 28.58 29.03 29.48 29.94 30.39 30.84 31.30 

31.75 32.21 32.66 33.11 33.57 34.02 34.47 34.93 35.38 36.83 

36.29 36.74 37.19 37.65 38.10 38..56 39.01 39.46 39.92 40.37 

40.82 41.28 41.73 42.18 42.64 43.09 43.54 44.00 44.45 44.91 

45.36 45.81 46.27 46.72 47.17 47.63 48.08 48.53 48.99 49.44 

49.90 50.35 50.80 51.26 51.71 62.16 62.62 63.07 53..52 63.98 

54.43 54.88 65..34 65.79 56.25 66.70 67.16 67.61 68.06 58.51 

58.97 69.42 59.87 60.33 60.78 61.23 61.69 62.14 62.60 63.06 

63.50 63.96 64.41 64.86 6.5.32 65.77 66.22 66.68 67.13 67.59 

68.04 68.49 68.95 69.40 69.85 70.31 70.76 71.21 71.67 72.12 

72.67 73.03 73.48 73.94 74.39 74.84 75.30 76.76 76.20 76.66 

77.11 77.66 78.02 78.47 78.93 79..38 79.83 80.29 80.74 81.19 

81.65 82.10 82.66 83.01 83.46 83.91 84,37 84.82 85.28 86.73 

86.18 86.64 87.09 87.54 88.00 88.45 88.90 89..36 89.81 90.26 

90.72 91.17 91.63 92.08 92.53 92.99 93.44 93.89 94.36 94.80 

96.25 95.71 96.16 96.62 97.07 97..52 97.98 98.43 98.88 99.34 

99,79 100.24 100.70 101.15 101.60 102.06 102.51 102.97 103.42 103.87 

104.33 104.78 105.23 105.69 106.14 106.69 107.05 107..50 107.96 108.41 

108.86 109..32 109.77 110.22 110.68 111.13 111.68 112.04 112.49 112.94 

113.40 113.85 114.31 114.76 116.21 116.67 116.12 116.67 117.03 117.48 


63.07 53..52 
67.61 68.06 
62.14 62.60 
66.68 67.13 


31 140.61 141.07 141..52 141.97 142.43 142.88 143.34 143.79 144.24 144.70 

32 145.15 145.60 146.06 146.51 146.96 147.42 147.87 148.32 148.78 149.23 

33 149.69 1.50.14 150.59 151.05 151.50 151.95 152.41 152.86 153.31 163.77 

34 154.22 1.54.68 1.55.13 156.58 156.04 166.49 156.94 167.40 167.85 158.30 

36 158.76 169.21 169.66 160.12 160,67 161.03 101.48 161.93 162.39 162.84 

36 163.29 163.76 164.20 164.65 166.11 166.66 166.01* 166.47 166.92 167.38 

37 167.83 168.28 168.74 169.19 169.64 170.10 170 55 171.00 171.46 171,91 

38 172.37 172.82 173.27 173.73 174.18 174.63 175.09 175.64 175.99 176.46 

39 178.90 177.36 177.81 178.26 178.72 170.17 179.62 180,08 180.63 180.98 

40 181.44 181.89 182.34 182.80 183.25 183.70 184.16 184.61 185.07 186.62 

41 186.97 186.43 186.88 187,33 187.79 188.24 188.69 189.15 189.60 190.06 

42 190.61 190.96 191,42 191.87 192.,32 192.78 193.23 193.68 194.14 194.69 

43 195.04 195.60 195.96 196,41 196.86 197.31 197.77 198.22 198.67 199.13 

44 199.58 200.03 200.40 200.94 201.40 201.85 202.30 202.76 203.21 203.66 

46 . 204.12 204.67 206.02 206,48 206.93 206.38 206.84 207.29 207.76 208.20 

46 208.66 209.11 209.66 210,01 210.47 210.92 211.37 211.83 212.28 212.78 

47 213.19 213.64 214,10 214.65 215.00 215.46 215.91 216.36 216.82 217.27 

48 217.72 218.18 218.63 219.09 219.64 219.99 220.45 220.90 221.36 221.81 

49 222.26 222.71 223.17 223.62 224.07 224.53 224.98 225.44 225.8^ 226.34 
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MBASURBS AND WBiQHTS 


METRIC CONVERSION TABLE 
Pounds Avoirdupois to Kilograms 
1 Poun(l==0.45359 Kilograms 


Pounda 

0- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

■ 60 

226.8G 

1 227.25 

227.70 

228.10 

228.61 

229.06 

229.52 

229.97 

230.42 

230.88 


231.33 

231.79 

2.32.24 

2.12.09 

233.15 

2.33.60 

234.06 

234.51 

234.96 

236.41 

1 62 

235.87 

236.32 

236.78 

237.23 

237.68 

238.14 

238.59 

239.04 

239.50 

239.95 

1 63 

240.40 

240.86 

24 A3 1 

241.76 

242.22 

242.67 

243.13 

243.58 

244.03 

244.49 

: 54 

244.94 

245.39 

245.85 

246.30 

246.75 

247.21 

247.66 

248.12 

248.67 

249.02 

1 66 

249.48 

249.93 

250.38 

250.84 

251.29 

251.74 

262.20 

262.66 

263.10 

263.66 

! 66 

264.01 

2.54.47 

254.92 

256.37 

255.83 

256.28 

2.')6.73 

267.19 

257.64 

258.09 

i 67 

258.55 

259.00 

259.45 

259.91 

200.36 

260.82 

201.27 

261.72 

262.18 

202.63 

: 68 

263.08 

263.64 

263.99 

264.44 

264.90 

265..35 

265.81 

266.26 

266.71 

207.17 

i 69 

267.62 

268.07 

268..53 

268.98 

209.43 

269.89 

270.34 

270.79 

271.26 

271.70 

1 60 

272.16 

272.61 

273.06 

273.62 

273.97 

274.42 

274.88 

276.33 

276.78 

276.24 

i 61 

276.69 

277.14 

277.60 

278.05 

278.51 

278.96 

279.41 

279.87 

280.32 

280.77 

1 62 

281.23 

281.68 

282.13 

282.59 

283.04 

283.50 

283.95 

284.40 

284.86 

286.31 

i 63 

285.76 

286.22 

286.67 

287.12 

287.58 

288.03 

288.48 

288.94 

289.39 

289.86 

i 64 

290.30 

290.75 

291.21 

291.66 

292.11 

292.57 

293.02 

293.47 

293.93 

294.38 

1 65 

294.84 

295.29 

295.74 

296.20 

296.66 

297.10 

297.66 

298.01 

298.46 

298.92 

I 66 

299.37 

299.82 

300.28 

300.73 

301.19 

301.64 

302.09 

302.65 

303.00 

303.45 

67 

303.91 

304.36 

304.81 

305.27 

305.72 

306.17 

306.63 

307.08 

307.54 

307.99 

68 

308.44 

308.90 

309.35 

309.80 

310.26 

310.71 

311.16 

311.02 

312.07 

312.63 

1 69 

312.98 

313.43 

313.89 

314.34 

314.79 

316.26 

316.70 

316.16 

316.61 

317.06 

70 

317.61 

317.07 

318.42 

318.88 

319.33 

319.78 

320.24 

320.69 

321.14 

321.60 

71 

322.06 

322.60 

322.96 

323.41 

323.86 

324.32 

324.77 

326.23 

325.68 

326.13 

72 

326.69 

327.04 

327.49 

327.95 

328.40 

328.85 

329.31 

329.76 

330.22 

330.67 

73 

331.12 

331.68 

332.03 

332.48 

332.94 

333.39 

333,84 

334.30 

334.75 

335.20 

74 

336.66 

336.11 

336.67 

337.02 

337.47 

337.93 

338.38 

338.83 

339.29 

339.74 

76 

340.19 

340.66 

341.10 

341.66 

34^.01 

342.46 

342.92| 

343.37 

343.82 

344.28 

76 

344.73 

346.18 

345.64 

346.09 

346.64 

347.00 

347.46 

347.91 

348.36 

348.81 

77 

349.27 

349.72 

350.17 

350.63 

351.08 

361.63 

351.99 

362.44 

352.89 

363.35 

78 

353.80 

354.26 

354.71 

356.16 

365.62 

366.07 

366.52 

356.98 

357.43 

357.88 

79 

3.58.34 

368.79 

359.25 

359.70 

300.15 

360.61 

361.06 

361.61 

361.97 

362.42 

80 

362.87 

363.33 

363.78 

364.23 

304.69 

366.14 

365.60 

366.05 

366.60 

366.96 

81 

367.41 

367.86 

368.32 

368.77 

369,22 

369.68 

370.13 

370.69 

371.04 

371.49 

82 

371.95 

372.40 

372.85 

373.31 

373.76 

[374.21 

374.67 

375,12 

375.67 

876.03 

83 

376.48 

376.94 

377.39 

377.84 

378.30 

I378.76 

379.20 

379.60 

380.11 

380.66 

84 

381.02 

381.47 

381.92 

382.33 

382.83 

383.29 

383.74 

384.19 

384.06 

386.10 

85 

386.66 

386.01 

386.46 

386.91 

387.37 

387.82 

388.28 

388.73 

389.18 

389.64 

86 

390.09 

390.54 

391.00 

391.46 

301.90 

392.30 

392.81 

393.26 

393.72 

394.17 

87 

394.63 

396.08 

395.53 

396.99 

396.44 

396.89 

397.35 

397.80 

398.26 

398.71 

88 

399.16 

399.61 

400.07 

400.62 

400.98 

401.43 

401.88 

402.34 

402.79 

403.24 

89 

403.78 

404.16 

404.60 

405.06 

406.61 

405.97 

406.42 

406.87 

407.33 

407.78 

90 

408.23 

408.69 

409.14 

409.69 

410.06 

410.60 

410.96 

411.41 

411.86 

412.32 

01 

412.77 

413.22 

413.68 

414.13 

414.68 

415.14 

416.49 

416.94 

416.40 

416.85 

02 

417.31 

417.76 

418.21 

418.67 

419.12 

419.67 

420.03 

420.48 

420.93 

421.39 

03 

421.84 

422.29 

422.76 

423.20 

423.66 

424.11 

424.56 

426.02 

426.47 

426.02 

04 

426.38 

426.83 

427.28 

427.74 

428.10 

428.64 

429.10 

429.66 

430.01 

430.40 

06 

430.91 

431.37 

431.82 

432.27 

432,73 

433.18 

433.63 

434.09 

434.54 

436.00 

06 

436.46 

436.90 

436.36 

436.81 

437.26 

437.72 

438.17 

438.62 

439.08 

439.63 

07 

439.08 

440.44 

440.89 

441.36 

441.80 

442.26 

442.71 

443.16 

443.61 

444.07 

98 

444.62 

444.97 

446.43 

445.88 

440.33 

446.79 

447.24 

447.70 

448.16 

448.00 

90 

449.061 

449.61 

449.96 

460.42 

460.8^ 

461.32 

461.78 

452.23 

462.691 

463.H 
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CARNBaiB STEEL COMPANY 


PROPERTIES OF THE CIRCLE 


Circumference of Circle of Dia. i = x = 3.14160265 

Circumference of Circle — 2 ?r r 

Dia. of Circle — Circumference x 0.31831 

Diameter of Circle of equal periphery as square = side x 1.27324 
Side of Square of equal periphery as circle = diameter x 0.78540 
Diameter of Circle circumscribed about square = side x 1.41421 

Side of Square inscribed in Circle = diameter x 0.70711 



Rise, b= r-HV^4r2-c2 = 4‘ ^an *4~ = 2rsin2-^ 

2 4 4 

Rise, b==: r-fy— Vr®“X®. y==b— r-f-Vr^—x^ x=Vr^“(H-y“b)® 
V = 3 14159265, log ==0.4971499 
^ = 0.3183099, log =7.5028601 


ir3 = 9.8696044, 
-^= 0.1013212, 
fir = 1.7724639, 
~ 0.5641896, 


log = 0.9942997 
log =T.OO.'>7003 
log = 0.2486749 
log =7.7514251 


= 0.0174633, log = 2,2418774 

180 

— = 67.2967796, log = 1.7681226 



MENSURATION TABLES 

AREA OF PLANE FIGURES 

Trisnffle : Base x H perpendicular height. 

i/b( 8 — a) (s — b) (s — c), 

8=32 sum of the three sides a, b and c. 
Trapezium t Sum pf area of the two triangles. 

Trapezoid : K sum of parallel sides x perpendicular height. 

Parallelogram: Base x perpendicular height. 

Regular Polygon : 3^ ®um of sides x inside radius. 

Circle ; ir r* = 0.78540 x dia.*-* = 0.07058 x circumference^ . 

Sector of Circle : - = 0.0087200 rsA** = arc X ^ radius. 

r2 /x-A^ . .o\ 

Segment of ^ ; 

Circle of game area aa square: diameter = side x 1.12838 
Square of same area as circle: side == diameter x 0.88623 
Ellipse : Long diameter x short diameter x 0.78540 

Parabola : Base x % perpendicular height. 



Divide any plane surface A, B, C, D, along a line a-b into an even 
number, n, of parallel and sufficiently small strips, d, whose ordinates 

are hi, h2, ha, h^, ha hn-i, ha, hn+i, and considering contours 

between three ordinates as parabolic curves, then for section ABCD, 

Area^y [hi-f-hn+i+4(h2+luH-h0. . .+hn)+2 (ha+bsH-hr. . .4-hiui)] 


or, approximately. Area = Sum of ordinates x width, d. 
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MENSURATION TABLES 



Right-Angled Triangles 


a, c 

A, B, b 

sin A* . cos B = b = v' - aa 

Area 

Area ~ V c^-a-* 

a, b 

A, B, c 

tan A = tan B — c = -j/ aa + ba 

Area 

Area = 

A, a 

B. b. 0 

Area 

B=90®-A, b —a cot A. “ girfx 

» a 2 cot A 

Area _ ^ 

A.b 

B. a, c 

B = QO^-A, a= b tan A. c == - 33 ^ 

Area 

Area 

A, c 

B, a. b 

B = 90®— A, a=cslnA, b = c cos A 

Area 

. _ c 2 sin A cos A c* sin 2 A 

Area — g or ^ 


Oblique-Angled Triangles 


a. b, c 

A 


B« 

.in }B= 

0 

,in»C- 'yi£2i|i),oo.JC- y/J^UH:^ 

Area 

Area —1/ a (s-a) (s-b) (s-c) 

a. A, B 

b, c 

. astnB ^ aslnC a sin (A + Bj 

sin A sin A sin A 

Area 

Area = i absin C == ^ ^ 

a. b. A 

B 

nlnB '’•‘"A 

c 


Area 

Area = i a b sin C 

a, b, 0 

A 

tnnJ(A-B)- , + 1 , cot}C 

c 

c = V' a* + ba-2 ab coa C ^ ^in°A^ 

Area 

Area — i ab sin C 


a* = b* + c*— 2bc coa A, + c*— 2 a c cos B c 3 = 5 = a* + b*—2 ab cosO 
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CARNEQIB STEEL COMPANY 


AREA OF CIRCULAR SECTIONS 



Circular Sector, m o n p 

Area=H (length of arc, ni p n x radius, r) 

=area of circle x arc, mpn, In degrees 
300 

=0.0087266 X square of radius, r^.x angle of arc, mpn, in degrees. 


I 



Circular Segment, mpn, less than half circle. 

Area=ar()a of sector, m o n p —area of triangle, m o n 
= (length of arc, m p n, x radius, r) — (radius, r, — rise, b) x chord, c 
2 "’ " 

Circular Segment, m q n, greater than half circle. 1 

I 

Area=area of circle— area of segment, mnp I 

Circular Segment, from Table I, page 389. | 

Given: rise, b, and chord, c. ^ | 

Area=pro<luct of rise and chord, b x c, multiplied by the : 
coeffleient given opposite the quotient of-~: ; 

Intermediate coefladents for values of -iL nQt given i 

^ I 

in tables are obtained by interpolation, ! 

Example -Given: rlse=1.49 and chord=3.62, \ 

= 0.4233. Coeffleient = 0.7542. | 

Area=b x C x coeir.=1.49 x 3.52 x 0.7642=3.9550. | 

Circular Segment, from Table II, pages 390 and 391. 

Given: rise, b, ami diameter, d = 2j;. 

Area=wquare of diameter, d^, multiplle<i by the 

coeffleient given opposite the quotient of 

Intermediate coefficients for values of not given 

in tables are obtained by interpolation. 

Example — Given: rIso=2vitt and dlameter=5%2. 

=^27/1,1 6%3 =0.478528. 

Coefficient by interpolation =0.371233. 
Area=d3xcoefl. = 25.94029 x 0.371233= 9.0321. 



q 


Circular Zone, tuwv 

Area=?Brea of circle— (area of BegmeQt,tpu + area of segment, vqw}. 

Circular Lune, m p n ■ 

Area=«iegment, mpn- segment, m s n. 
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MENSURATION TABLES 


AREAS OF CIRCULAR SEGMENTS 

Tablb 1 — For Ratios op Rise and Chord 



* Area=»C x b x coefficient 


A® 

CoeflB- 

cient 

b 

C 


Coeffi- 

cient 

t> 

A“ 

Coeffi- 

cient 

b 

C 

A** 

Coeffi- 

cient 

b 

u 

1 

.6667 

.0022 

46 

.6722 

.1017 

91 

.6895 

.2097 

1.36 

.7239 

.3373 

2 

.6667 

.0044 

47 

.6724 

.1040 

92 

.0901 

.2122 

137 

.7249 

.3404 

3 

.6667 

.0066 

48 

.6727 

.1063 

93 

.6906 

.2148 

138 

.7260 

.3436 

4 

.6667 

.0087 

49 

.6729 

.1086 

94 

.6912 

.2174 

139 

.7270 

.3469 

6 

.6667 

.0109 

50 

.6732 

.1109 

95 

.6918 

.2200 

140 

.7281 

.3601 

6 

.6667 

.0131 

61 

.6734 

.1131 

96i 

.6924 

.2226 

141 

.7292 

.3634 

7 

.6668 

.0153 

52 

.6737 

.1154 

97 

.6930 

.2252 

142 

.7303 

.3567 

8 

.6668 

.0175 

63 

.6740 

.1177 

98 

.6936 

.2279 

143 

.7314 

.3600 

0 

.6669 

.0197 

54 

.6743 

.1200 

99 

.6942 

.2305 

144 

.7325 

.3633 

10 

.6670 

.0218 

55 

.6746 

.1224 

100 

.6948 

.2332 

145 

.7336 

.3666 

11 

.6670 

.0240 

66 

,6749 

.1247 

101 

.6054 

.2358 

146 

.7348 

.3700 

12 

.6671 

.0262 

67 

.6752 

.1270 

102 

.6961 

.2385 

147 

.7.360 

.3734 

13 

; .6672 

.0284 

58 

.6755 

.1293 

103 

.6967 

.2412 

148 

.7372 

.3768 

14 

.6672 

.0306 

50 

.6758 

.1316 

104 

.6974 

.2439 

149 

.7384 

.3802 

15 , 

.6673 1 

.0328 

60 

.6761 

.1340 

105 

.6980 

.2466 

150 

.7396 

.3837 

16 ' 

,6674 

.0350 

61 

.6764 

.1363 

106 

.6987 

.2493 

161 

.7408 

.3871 

17 

.6674 1 

.0372 

62 

.6768 

.1387 

107 

.6994 

.2520 

152 

.7421 

.3906 

18 

.6675 

.0394 

63 

.6771 

.1410 

108 

.7001 

.2548 

153 

.7434 

.3942 

19 

.6676 

.0416 

64 

.6775 

.1434 

109 

.7008 

.2575 

154 

.7447 

.3977 

20 

.6677 

.0437 

66 

.6779 

.1457 

110 

.7015 

.2603 

155 

.7460 

.4013 

21 

.6678 

.0459 

66 

.6782 

,1481 

111 

.7022 

.2631 

156 

.7473 

.4049 

22 

.6679 

.0^1 

67 

.6786 

.1505 

112 

.7030 

.2659 

167 

.7486 

.4086 

23 

.6680 

.0db4 

68 

.6790 

.1529 

113 

.7037 

.2687 

158 

.7500 

.4122 

24 ! 

.6681 

.0526 

69 

.6794 

.1553 

114 

.7045 

.2716 

150 

.7514 

.4159 

25 

.6682 

.0548 

70 

.6797 

.1577 

115 

.7052 

.2743 

160 

.7528 

.4106 

26 

.6684 

.0570 

71 

.6801 

.1601 

116 

.7060 

.2772 

161 

.7542 

.4233 

27 1 

.6685 

.0592 

72 

,6805 

.1625 

117 

.7068 

.2800 

162 

.7557 

.4270 

28 

.6687 

1 .0014 

73 

.6809 

.1649 

118 

.7076 

.2829 

163 

.7571 

.4308 

20 

.6688 

.0636 

74 

.6814 

.1673 

119 

.7084 

.2858 

164 

.7586 

.4346 

30 

.6600 

.0658 

76 

.6818 

.1697 

120 

.7092 

.2887 

165 

.7601 

.4385 

81 1 

.6601 

.0681 

fo 

.6822 

.1722 

121 

.7100 

.2916 

166 

.7616 

.4424 

32 1 

.6693 

.0703 

77 

.6826 

.1746 

122 

.7109 

.2945 

167 

.7632 

.4403 

33 

.6604 

.0725 

78 

.6831 

.1771 

123 

.7117 

.2975 

168 

.7048 

.4502 

84 

.6696 

.0747 

79 

.6835 

.1795 

124 

.7126 

.3004 

169 

.7664 

.4542 

35 j 

.6608 

.0770 

80 

.6840 

.1820 

125 

.7134 

.3034 

170 

.7680 

.4582 

361 

.6700 

.0792 

81 

.6844 

.1845 

126 

,7143 

.3064 

171 

.7696 

.4622 

37! 

.6702 

.0814 

82 

.6840 

.1869 

127 

.7152 

.3094 

172 

.7712 

.4663 

38! 

.6704 

.0837 

83 

.6854 

.1894 

128 

.7161 

.3124 

173 

.7729 

.4704 

30! 

.6706 

.0859 

84 

.6859 

.1019 

129 

.7170 

.3165 

174 

.7746 

.4745 

40i 

.6708 

.0882 

85 

.6864 

.1044 

130 

.7180 

.3185 

176 

.7763 

.4787 

41 ' 

.6710 

.0904 

86 

.6860 

.1970 

131 

.7189 

,3216 

176 

.7781 

.4828 

42 ; 

.6712 

.0927 

87 

.6874 

.1995 

132 

1 .7199 

.3247 

177 

.7799 

.4871 

43 

.6714 

.0949 

88 

1 .6870 

.2020 

133 

t .7209 

.3278 

178 

.7817 

.4914 

44; 

.6717 

.0972 

89 

.6884 

.2046 

134 

1.7219 

.8309 

179 

.7835 

.4057 

45 1 

.6719 

.0005 

00 

1 .6800 

.2071 

135 

.7229 

.8341 

180 

.7854 

.5000 
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AREAS OF CIRCULAR SEGMENTS 
Table II, fob Ratios of Rise and Diameteb 



Area=da x Coefficient 


b 

T 

Coefficient 

b 

T 

Co^oient 

b 

T 

Coefficient 

b ' 

T 

Coefficient 

b 

T 

Coefficient 

.001 

.000042 

.051 

.015119 

.101 

.041477 

.161 

.074690 

.201 

.112625 

.002 

.000119 

.052 

.016661 

.102 

.042081 

.162 

.075307 

.202 

.113427 

.003 

.000219 j 

.053 

.016008 1 

.103 

.042687 

.163 

.076026 

.203 

.114231 

.004 

.000337 

.054 

.0104.58 1 

.10^ 

.043296 

.164 

.076747 

.204 

.115036 

.OO.'i 

.000471 

.055 j 

.016912 

.106 

.043908 

.165 

.077470 

.205 

.115842 

.006 

.000619 

.050 

.017309 

.106 

.044623 

.166 

.078194 

,206 

.116651 

.007 

.000779 

.057 

.017831 

.107 

.045140 

.157 

.078921 

.207 

.117460 

.008 

.000962 

.058 

,018297 

.108 

.045769 

.158 

.079660 

.208 

.118271 

.009 

.001135 

.059 

.018766 

.109 

.046381 

,159 

.080380 

.209 

.119084 

.010 

.001329 

.060 

.019239 

.110 

.047006 

.160 

.081112 

.210 

.119898 

.011 

.001533 

! .061 

.019716 

.111 

.047633 

.161 

.081847 

.211 

.120713 

.012 

.001740 

.002 

.020197 

.112 

.048262 

.162 

.082582 

.212 

.121530 

.013 

.001909 

.003 

.020681 

.113 

.048894 

.163 

! .083320 

.213 

.122348 

.014 

.002199 

.004 

.021108 

.114 

.049529 

.164 

.084060 

.214 

.123167 

.016 

.002438 

.065 

.021600 

.115 

.050166 

.165 

.084801 

.215 

.123988 

.010 

.002685 

.066 

.022156 

.116 

.050805 

.166 

.085545 

.216 

.124811 

.017 

.002940 

.067 

.022653 

.117 

.051446 

.167 

.086290 

.217 

.125634 

.018 

.003202 

.068 

.0231.55 

.118 

.052090 

.168 

.087037 

.218 

.126459 

.019 

.003472 

.069 

.023600 

.119 

.052737 

.169 

.087785 

.219 

.127286 

.020 

,003749 

.070 

.024168 

.120 

.053386 

.170 

.088636 

.220 

.128114 

.021 

.004032 

.071 

.024080 

.121 

.054037 

.171 

.089288 

.221 

»1 28943 

.022 

.004322 

.072 

.025196 

.122 

.064690 

.172 

.090042 

.222 

.129773 

.023 

.004019 

.073 

.02.5714 

.123 

.066346 

.173 

.090797 

.223 

.130605 

.024 

.004922 

.074 

.020230 

.124 

.066004 

.174 

.091665 

.224 

.131438 

.025 

.005231 

.075 

.026761 

.125 

.056664 

.175 

.092314 

.225 

.132273 

.020 

.005546 

.070 

.027290 

.126 

.057327 

.176 

.0930741 

.226 

.133109 

.027 

.006807 

.077 

.027821 

.127 

.057991 

.177 

.093837 

.227 

.133946 

.028 

.006194 

.078 

.028366 

.128 

.0.58658 

.178 

.094601 

.228 

.134784 

.029 

.000527 

.079 

.028894 

.129 

.0.59328 

,179 

.096367 

.229 

.1.36624 

.030 

.000860 

.080 

.029435 

.130 

.059999 

.180 

.096135 

.2.30 

.136466 

.031 

.007209 

.081 

,029979 

.131 

.06067.3 

.181 

.096904 

.231 

.137307 

.032 

,007559 

.082 

.030626 

.132 

.001349 

.182 

.097676 

.232 

.138151 

.033 

.007913 

.083 

,031077 

.133 

.062027 

.183 

.098447 

.233 

.138996 

.034 

.008273 

.084 

.0316,30 

.1.34 

.062707 

.184 

.099221 

.234 

.139842 

.035 

.0080il8 

.085 

.0.32186 

.135 

.063389 

.185 

.099997 

.235 

.140689 

.036 

,009008 

.086 

.032746 

.136 

.064074 

.186 

.100774 

.236 

.1415.38 

.037 

.00938:1 

.087 

.033308 

.137 

.064761 

.187 

.101563 

.237 

.142388 

.038 

.009764 

.088 

.03:1873 

.138 

.066449 

.188 

.102334 

.238 

.143239 

.039 

.010148 

.089 

.034441 

.139 

.066140 

.189 

.103116 

.239 

.144091 

.040 

.010538 

.090 

.035012 

.140 

.066833 

.190 

.103900 

.240 

.144945 

.041 

.010932 

.091 

.036686 

.141 

.067628 

.191 

.104686 

.241 

.145800 

.042 

.011331 

.092 

.0.36162 

.142 

.068225 

.192 

.105472 

.242 

.146656 

.043 

.011734 

.093 

.036742 

.143 

.068924 

.103 

.106261 

.243 

.147513 

.044 

.012142 

.094 

.037324 

.144 

.069626 

.194 

.107061 

.244 

.148371 

.045- 

.012555 

.096 

.037909 

.145 

.070329 

.195 

.107843 

.245 

.149231 

.046 

.012971 

.096 

.038497 

.146 

.071034 

.196 

.108636 

.246 

.150091 

.047 

.013393 

.097 

.039087 

.147 

.071741 

.197 

.109431 

.247 

.150953 

.048 

.013818 

.098 

.039681 

.148 

.072460 

.108 

.110227 

.248 

.151816 

.049 

.014248 

.099 

.040277 

.149 

.073162 

.199 

.111025 

.249 

.152681 

.050 

.014681 

.100 

.040875 

.150 

.073875 

.200 

.111824 

.250 

.153546 




MENSURATION TABLES 


AREAS OF CIRCULAR SEGMENTS 
Tablb II, For Ratios op Rise and Diameter — Concluded 



Aroa=d2 x coefficient 


! Coefficient — Coeflicient Coefficient ^ Coefficient Coefficient 

id d I d d I d 

1.2^ .154413 .301 TlOmSS .351 .245935 ”4^^ .294350 .45r .343778 i 

i .252 .156281 .302 .200003 .352 .246890 .402 .295330 .452 ..344773 j 

I .253 .156149 .303 .200922 ..353 .247845 .403 .296311 .453 .345768 I 

i .254 .157019 .304 .201841 .354 .248801 .404 .297292 .454 .346764 

1 .235 .157891 .305 .202762 ..3.55 .249758 .405 .298274 .455 .347760 

.256 .158763 .306 .203683 .356 .250715 .406 .299256 .456 .348756 

.257 ,159636 .307 .204605 .357 .251673 .407 .300238 .457 .349762 

.258 .160611 .308 .205528 .358 .252632 .408 .301221 .458 .350749 

.259 .161386 .309 .206452 .3.59 .2.53591 .409 .302204 .459 .351745 

.260 .162263 .310 .207376 .360 .254551 .410 .303187 .460 .352742 

.261 .163141 ,311 .208302 .361 .255511 .411 .304171 .461 .353739 

! .262 .164020 .312 .209228 .362 .256472 .412 .305156 .462 .354736 

' .263 .164900 .313 .210155 .363 .257433 .413 .306140 .463 .355733 

i .264 .165781 .314 .211083 .364 .258.395 .414 .307125 .464 .356730 

! .265 .166663 .315 .212011 .365 .259358 .415 .308110 .465 .357728 

i .266 .167546 .316 .212941 .366 .260321 .416 .309096 .466 .358725 

1 .267 .168431 .317 .213871 .367 .261285 .417 .310082 .467 .359723 

I .268 .169316 .318 .214802 .368 .262249 .418 .311068 .468 .360721 

i .269 .170202 .319 .215734 .369 .26.3214 .419 .312055 .469 .361719 

.270 .171090 .320 .216666 .370 .264179 .420 .313042 .470 .362717 

.271 .171978 .321 .217600 .371 .265145 .421 .314029 .471 .363715 

.272 .172868 .322 .218534 .372 .266111 .422 .315017 .472 .364714 

.273 .173758 .323 .219469 .373 ,267078 .423 .316005 .473 .365712 

.274 ,174650 .324 .220404 .374 .208046 .424 .316993 .474 .366711 

.275 .175542 .325 .221341 .375 .269014 .425 .317981 .475 .367710 

.276 .176436 #.326 .222278 ,376 .269982 .426 .318970 .476 .368708 

,277 .177330 .327 .223216 ,377 .270951 .427 .319959 .477 .369707 

.278 .178226 .328 .224154 .378 ,271921 .428 .320949 .478 .370706 

.279 .179122 .329 .225094 .379 .272891 .429 .321938 .479 .371705 

.280 .180020 .330 .226034 .380 .273861 .430 .322928 .480 .372704 

.281 .180918 .331 .226974 .381 .274832 .431 .323919 .481 .373704 

.282 .181818 .332 .227916 .382 .275804 .432 .324909 .482 .374703 

.283 .182718 .333 .228858 .383 .276776 .433 .325900 .483 .375702 

.284 .183619 .334 .229801 .384 .277748 .434 .326891 .484 .376702 

.285 .184522 .335 *.230745 .385 .278721 .435 .327883 .485 .377701 

.286 .185425 .336 .231689 .386 .279695 .430 .328874 .486 .378701 

.287 .186329 .337 .232634 .387 .280660 .437 .329866 .487 .370701 

.288 .187235 .338 .233580 .388 .281643 .438 .330858 .488 .380700 

.289 .188141 .339 .234526 .389 .282618 .439 .331851 .489 .381700 

.290 .189048 .340 .235473 .390 .283593 .440 .332843 .490 .382700 

.291 .189956 .341 .236421 .391 .284569 .441 .333836 .491 .383700 

.292 .190865 .342 .237369 .392 .285545 .442 .334829 .492 .384699 

.293 .191774 .343 .238319 .393 .286521 .443 .335823 .493 .385699 

.294 .192685 .344 .230268 .394 .287499 .444 .336816 .494 .886699 

.295 .193507 .345 .240219 .395 .288476 .445 .337810 .495 .387699 

.296 .194509 .346 .241170 1 .396 .289454 .446 .338804 .406 .388699 

.207 .195423 1347 .242122 1 .397 .290432 .447 .339790 .497 .380609 

.208 .196337 .348 .243074 1 .398 «291411 .448 .340793 .498 .300609 

.299 .107252 .340 .244027 1 .399 .292390 .449 .341788 .499 .391600 

BOO .198168 .350 .244080 1 .400 1 .203370 .450 .342783 1.600 .392600 
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SURFACE AND VOLUME OF SOLIDS 

S=IiATJBBAL OR CONVBX SURFACE. V=VOLUMB 

^ - - Parallelopiped 

' S=perlmeter, P, porp. to sides xlat. length, 1: 

n V=area of base, B x perpendicular height, h: 

l i' V==areaof section, A, perp. tosldesxlat. length, 1: 


Prism, Right or Obliqae, Regular or Irregular 

8=perimeter. P, perp. to sides x lat, length, 1: PI 
V=aroa of base, B x perpendicular height, h: Bh 

V=area of section , A, perp. to sides x lat. length, 1 ; A1 




Cylinder, Right or Oblique, Circular or Elliptic, etc. 

S =perlm«tor of base, C x perp. height, h : Ob 

S=perlmoter, P, perp. to slcfes xlat. length, 1: PI 

V=aroa of base, B x perpendicular height, h: Bh 

V=area of section, A, perp. to sides x lat. length, 1 : A1 






^ b-— ->>" 



Frustum of any Prism or Cylinder 
Vscarea of base, B x perp. distance, h, from base 

to center of gravity of opposite face: Bh 

For cylinder: H A (U + I 9 ) 


Pyramid or Cone, Right and Regular 

S— perimeter of base, B x}i slant height, 1: VtBl 

V=area of base, B x ^ perp. height, h: % Bh 

Pyramid or Cone, Right or Oblique, Regular or Irregular 
V=area of base. B x Vs porp. height, h : ^ Bh 

V=4& volume or prism or cylinder of same base 
and perpendicular height 
V=*4 volume of hemisphere of same base and 
perpendicular height 

Frustum of Pyramid or Cone, Right and Regular, 
Parallel Ends 

S=(8ura of perimeter of base, B, and top, b) x% slant 
height, 1 : 1 (B + b) 

V=(sum of areas of base, B, and top, b + square 
root of their products; xH I)«rp. height, h: 

Mih (B + b + y-FF) 

Frustum of any Pyramid or Cone, Parallel Ends 
V=(sum of areas of base, B, and top, b + square 

root of their products; x ^perp. height, h| 

% h (B + b + 1 / B b ^ 

Wedge, Parallelogram Face 
(sum of three edges, aba x perpendicular 
height, hx perpendicular width, d) : 

^dh(2a + b) 

Prismatold 

y= 4 (, perp. height, h (sum of areas of base. B, and top 


and midway between them; : 


H h (B + b + 4 M) 
The Prismatold formula applies also to any of 
the foregoing solids with parafiel bases, to pyraiuids, 
cones, spherical sections, and to many solids with 
irregular surfaces. 


MENSURATION TABLES 


SURFACE AND VOLUME OF SOLIDS— Concluded 

S=Lateiial or Convex Surface. V=Voluiib 

Sphere 

r-J S=4 7rr2= t d* = 3.14159265 d* 

} ir r« = TT d« = 0.52350878 d* 



Spherical Sector 

S-=V^! ?r r (4 b +-C) 

V=% IT ra b 



Spherical Segment 

S^-2 TT r b ~ % IT (4 ba + c2; 

V— V'a rr b2 (3 r-bj = ir b (3 ca + 4 b®) 

Spherical Zone 

S=--2 irr b 

V=i/a4 Jr b (3 aJf f- 3 ca + 4 ba) 


S==4 IT* lir 
V^-2 7r2 R r2 


Circular Ring 


Ungula of Right, Regular Cylinder 


Baae^Segment, b a b 

V 

S =(2 r in-o X arc, b a b) 


Bas»=Half Circle 
S-2rh 


r-o 

V=(% m»-o X urea, b a b) V=% ra h 

Basu=Sogment, c a c Base=Clrcle 


S— (2r n + p X arc, c a c) 


r + i 
h 


S=r TT h 


'V~(% n» + p X area, c a c) V=% r* t h 

Ellipsoid 


IT r a b 


Paraboloid 


Ratio of corresponding volumes of a Cone, Parabo* 
lold, Sphere, and Cylinder of equal height: %: 1 



Bodies Generated by Partial or Complete Revolution 

1 =lenKth of a curve 1 rotating about an axis 1-1 
A=area of a plane 1 on one side and in plane of axis 
r =distance of center of gravity of line or plane from 
axis 1-1 and for any angle of revolution, a", 

^ 3 ^°' ■ — length of arc described by center of gravity. 
S=length of curve x length of arc about axis 
=1 ^ complete revolution S= 2r rl 

Y=area of plane x length of arc about axis 
=A ^ For complete revolution Y— 2 rtr A 
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Functions op 

Numbers. 1 to 

19 


No. 

Square 

Cube 

Square 

Hoot 

Cubic 

Root 

Logarithm 

1000 

X 

Reciprocal 

No.= 

Circum. 

Diameter 

Area 

1 

1 

1 

1.0000 

1.0000 

0.00000 

1000.000 

3.142 

0.7854 

2 

4 

8 

1.4142 

1,2599 

0..30103 

500.000 

6.283 

3.1416 

3 

9 

27 

1.7321 

1.4422 

0.47712 

333.333 

9.425 

7.0686 

4 

16 

64 

2.0000 

1.5874 

0.60206 

250.000 

12.566 

12.5664 

6 

25 

125 

2.2361 

1.7100 

0.69897 

200.000 

15.708 

19.6350 

6 

36 

216 

2.4495 

1.8171 

0.77815 

166.6^7 

18.850 

28.2743 

7 

49 

343 

2.6458 

1.9129 

0.84510 

142.857 

21.991 

38.4845 

8 

64 

512 

2.8284 

2.0000 

0.90309 

125.000 

25.133 

50.2655 

9 

81 

729 

3.0000 

2.0801 

0.95424 

111.111 

28.274 

63.6173 

10 

100 

1000 

3.1623 

2.1.544 

1.00000 

100.000 

31.416 

78.5398 

11 

121 

1331 

3.3166 

2.2240 

1.04139 

90.9091 

34.558 

95.0332 

12 

144 

1728 

3.4641 

2.2894 

1.07918 

83.3333 

37.690 

113.097 

13 

169 

2197 

3.6056 

2.3513 

1.11394 

76.9231 

40.841 

132.732 

14 

190 

2744 

3.7417 

2.4101 

1.14613 

71.4286 

43.982 

153.938 

15 

225 

3375 

3.8730 

2.4662 

1.17609 

66.6667 

47.124 

176.715 

10 

256 

4096 

4.0000 

2.5198 

1.20412 

62.5000 

50.265 

201.062 

17 

289 

4913 

4.1231 

2,5713 

1.2.3045 

58.8235 

53.407 

226.980 

18 

324 

5832 

4.2426 

2,6207 

1.25527 

55.6556 

56.549 

254.469 

19 

361 

6859 

4.3589 

2.6684 

1.27875 

52.6316 

59.690 

283.529 

20 

400 

8000 

4.4721 

2.7144 

1.30103 

50.0000 

62.832 

314.159 

21 

441 

9261 

4.5826 

2.7589 

1.32222 

47.6190 

65.973 

346.361 

22 

484 

10648 

4.6904 

2.8020 

1 34242 

45.4545 

69.115 

380.133 

23 

529 

12167 

4.7958 

2.8439 

1.36173 

43.4783 

72.257 

415.476 

24 

576 

13824 

4.8990 

2.8845 

1.38021 

41.6667 

75.398 

452,389 

25 

625 

15625 

5.0000 

2.9240 

1.39794 

40.0000 

78.640 

490.874 

26 

676 

17576 

5.0990 

2.9625 

1.41497 

38.4615 

81.681 

530.929 

27 

729 

19683 

5.1962 

3.0000 

1.43136 

37.0370 I 

84.823 

572.555 

28 

784 

21952 

5.2915 

3.0366 

1.44716 

35.7143 1 

87.965 

615.752 

29 

841 

24389 

5.3852 

3.0723 

1.46240 

34.4828 

91.106 

660.520 

30 

900 

27000 

5.4772 

3.1072 

1.47712 

33.3333 

94^248 

706.858 

31 

061 

29791 

5.5678 

3.1414 

1.49136 

32.2581 

97.389 

754.768 

32 

1024 

32768 

5.6569 

3.1748 

1.50515 

31.2500 

100.531 

804.248 

33 

1089 

35937 

5.7440 

3.2075 

1.51851 

30.3030 

103.673 

855.299 

34 

1156 

39304 

5.8310 

3,2396 

1..53148 

29.4118 

106.814 

907.920 

35 

1225 

42875 

5.9161 

3.2711 

1.54407 

28.6714 

109.956 

962.113 

36 

1296 

46656 

6.0000 

3.3019 

1.55630 

27.777ti 

113.007 

1017.88 

37 

1360 

50653 

6.0828 

3.3322 

1.56820 

27.0270 

116.239 

1075.21 

38 

1444 

54872 

6.1644 

3.3620 

1.57978 

26.3158 

119.381 

1134.11 

39 

1521 

59319 

6.2450 

3.3912 

1.59106 

25.6410 

122.522 

1194.59 

40 

1600 

64000 

6.3246 

3.4200 

1.60206 

25.0000 

125.66 

1256.64 

41 

1681 

68921 

6.4031 

3.4482 

1.61278 

24.3902 

128.81 

1320.25 

42 

1764 

74088 

6.4807 

3.4760 

1.62325 

23.8095 

131.95 

1385.44 

43 

1849 

79507 

6.5574 

3.5034 

1.63347 

23.2558 

135.09 

1452.20 

44 

■1936 

' 85184 

6.6332 

3.5303 

1.64345 

22.7273 

138.23 

1520.53 

46 

2025 

01125 

6.7082 

3.5569 

1.65321 

22.2222 

141.37 

1590.43 

46 

2116 

07336 

6,7823 

3.5830 

1.66276 

21.7391 

144.51 

1661.90 

47 

2209 

103823 

6,8557 

3.6088 

1.67210 

21.2766 

147.65 

1734.94 

48 

2304 

i 110502 

6.9282 

3.6342 

1.68124 

20.8333 

150.80 

1809.56 

49 

2401 

117649 

7.0000 

3.6593 

1.69030 

20.4082 

153.94 

1885.74 



MATHEMATICAL TABLES 


!'■ 

Functionb op Numbers 50 to 99 


: No. 

Square 

Cube 

Square 

Cubic 

Root 

LogariOim 

1000 

X 

Reciprocal 

No.= 

Diameter 

Circum. 

Area 

i 

1 50 

2600 

126000 

7.0711 

3.6840 

1.69897 

20.0000 

157.08 

1963.60 

61 

2601 

132651 

7;i414 

3.7084 

1.70757 

19.6078 

• 160.22 

2042.82 

62 

2704 

140608 

7.2111 

3.7325 

1.71600 

19.2308 

163.36 

2123.72 

63 

2809 

148877 

7.2801 

3.7563 

1.72428 

18.8679 

166.60 

2206.18 

; 54 

2916 

157464 

7.3485 

3.7798 

1.73239 

18.6186 

109.65 

2290.22 

; 66 

3025 

166375 

7.4162 

3.8030 

1.74036 

18.1818 

172.79 

2376.83 

i 66 

3136 

175616 

7.4833 

3.82.59 

1.74819 

17.8571 

175.93 

2463.01 

i 57 

3240 

186193 

7.5498 

3.8485 

1.75587 

17.54.39 

179.07 

2551.76 

68 

3364 

195112 

7.6158 

3.8709 

1.76343 

17.2414 

182.21 

2642.08 

i 60 

3481 

206379 

7.6811 

3.8930 

1.77085 

16.9492 

185.35 

2733.97 

I 60 

3600 

210000 

7.7460 

3.9149 

1.77816 

16.6667 

188.60 

2827.43 

i 51 

3721 

226981 

7.8102 

3.9365 

1.78533 

16.3934 

191.64 

2922.47 

1 62 

3844 

238328 

7.8740 

3.9579 

1.79239 

16.1290 

194.78 

3019.07 

i 63 

3969 

250047 

7.9373 

3.9791 

1.79934 

16.8730 

197.92 

3117.25 

64 

4096 

262144 

8.0000 

4.0000 

1.80618 

15.6250 

201.06 

3216.99 

66 

4225 

274625 

8.0623 

4.0207 

1.81291 

16.3846 

204.20 

3318.31 

66 

4366 

287496 

8.1240 

4.0412 

1.81954 

15.1515 

207.35 

3421.19 

67 

4489 

300763 

8.1864 

4.0616 

1.82607 

14.9264 

210.49 

3525.65 

68 

4624 

314432 

8.2462 

4.0817 

1.83261 

14.7069 

213.63 

3631.68 

! 69 

4761 

328600 

8.3066 

4.1016 j 

1.83885 

14.4928 

216.77 

3739.28 

i 70 

4900 

343000 

8.3666 

4.1213 

1.84610 

14.2857 

219.91 

3848.45 

! 71 

6041 

357911 

8.4261 

4.1408 

1.85126 1 

14.0845 

223.05 

3969.19 

: 72 

6184 

373248 

8.4853 

4.1602 

1.85733 1 

13.8889 

226.10 

4071.60 

i 73 

6329 

389017 

8.6440 

4.1793 

1.86332 1 

13.6986 

229.34 

4186.39 

; 74 

6476 

405224 

8.6023 

4.1983 

1.86923 

13.5135 

232.48 

4300.84 

; 76 

6626 

421876 

8.6603 

4.2172 

1.87506 

13.3333 

235.62 

4417.86 

76 

6776 

438976 

8.7178 

4.2368 

1.88081 

13.1579 

238.76 

4636.46 

I 77 

6920 

466633 

8.7750 

4.2543 

1.88649 

12.9870 

241.90 

4056.63 

i 78 

6084 

474552 

8.8318 

4.2727 

1.89209 

12.8205 

245.04 

4778.36 

1 70 

6241 

49;y)39 

8.8882 

4.2908 

1.89763 

12.6582 

248.19 

4901.67 

! 80 

6400 

612000 

8.9443 

4.3089 

1.00309 

12.6000 

251.33 

6026.65 

I 81 

6561 

631441 

9.0000 

4.3207 

1.90849 

12.3457 

254.47 

6153.00 

! 82 

6724 

651368 

9.0554 

4.3445 

1.91381 

12.1951 

257.01 

6281.02 

i 83 

6889 

671787 

9.1104 

4.3621 

1.91908 

12.0482 

260.75 

6410.61 

1 84 

7066 

692704 

9.1652 

4.3795 

1.92428 

11.9048 

263.89 

6641.77 

1 86 

7226 

014126 

9.2195 

4.3968 

1.92942 

11.7647 

267.04 

6674.60 

86 

7396 

636056 

«.2736 

4.4140 

1.93450 

11.6279 

270.18 

6808.80 

87 ; 

7669 

068603 

9.3274 

4.4310 

1.93962 

11.4943 

273.32 

6944.68 

88 

7744 

681472 

0.3808 

4.4480 

1.94448 

11.3636 

276.46 

6082.12 

80 

7021 

704069 

9.4340 

4.4647 

1.94939 

11.2360 

279.60 

6221.14 

90 

8100 

720000 

0.4868 

4.4814 

1.95424 

11.1111 

282.74 

6361.73 

91 

8281 

763671 

0.5394 

4.4979 

1.95904 

10.9890 

285.88 

6503.88 

02 

8464 

778688 

9.6917 

4.6144 

1.96379 

10.8696 

289.03 

6647.61 

93 

8649 

804357 

9.6437 

4.5307 

1.96848 

10.7627 

292.17 

6792.91 

04 

8836 

830584 

9.6954 

4.6468 

1.97313 

10.6383 

295.31 

6939.78 

06 

0026 

867376 

9.7468 

4.6629 

1.97772 

10.6263 

298.45 

7088.22 

96 

9216 

884736 

0.7980 

4.6789 

1.98227 

10.4167 

301.59 

7238.23 

97 

0409 

912673 

0.8489 

4.5947 

1.98677 

10.3093 

304.73 

7389.81 

98 

9604 

041102 

9.8905 

4.6104 

1.99123 

10.2041 

807.88 

7542.96 

90 

0801 

970209 

9.9499 

4.6261 

1.99564 

10.1010 

311.02 

7697.69 


806 



CARNBQIB STBBL COMPANY 


PlTNCTIONS OF NUMBERS, 100 TO 149 


No. 

Square 

Cube 

Square 

Cubic 

Root 

Logarithm 

1(X)0 

X 

Reciprocal 

N0.«=: 

Diameter 

Circum. 

Area | 

100 

10000 

1000000 

10.0000 

4.6416 

2.00000 

10.0000 

314.16 

78.53.98 ! 

101 

10201 

1030301 

10.0499 

4.6670 

2.00432 

9.90099 

317.30 

8011.85 1 

102 

10404 

1061208 

10.0995 

4.6723 

2.00860 

0.80392 

320.44 

8171.28 j 

103 

10609 

1092727 

10.1489 

4.6875 

2.01284 

9.70874 

323.58 

8332.29 i 

104 

10816 

1124864 

10.1980 

4.7027 

2.01703 

9.61538 

326,73 

8494.87 • 

105 

11025 

1157625 

10.2470 

4.7177 

2.02119 

9.62381 

829.87 

8659.01 i 

106 

11236 

1191016 

10.2956 

4.7.326 

2.02631 

9.43396 

333.01 

8824.73 1 

107 

11449 

1225043 

10.3441 

4.7475 

2.02938 

9..34579 

3.36.15 

8992.02 ! 

108 

11664 

1259712 

10.3923 

4.7622 

2.03342 

9.25926 

339.29 

9160.88 j 

109 

11881 

1295029 

10.4403 

4.7769 

2.03743 

9.17431 

342.43 

9331.32 1 

no 

12100 

1331000 

10.4881 

4.7914 

2.04139 

9.09091 

345.58 

9503.32 1 

111 

12321 

1367631 

10.5357 

4.8059 

2.04532 

9.00901 

348.72 

9676.80 : 

112 

12544 

1404928 

10.5830 

4.8203 

2.04922 

8.92857 

351.86 

9852.03 ; 

113 

12769 

1442897 

10.6301 

4.8346 

2.05308 

8.84956 

3.55.00 

10028.7 1 

114 

12996 

1481644 

10.6771 

4.8488 

2.05690 

8.77193 

3.58.14 

10207.0 ; 

115 

13225 

1520875 

10.7238 

4.8629 

2.06070 

8.69.565 

361.28 

10386.9 i 

116 

13456 

1560896 

10.7703 

4.8770 

2.06446 

8.62069 

364.42 

10568.3 ; 

117 

13689 

1601613 

10.8167 

4.8910 

2.0(5819 

8.54701 

367.57 

10751.3 1 

118 

13924 

1643032 

10.8628 

4.9049 

2.07188 

8.47458 

370.71 

10935.9 ; 

no 

14161 

1685159 

10.9087 

4.9187 

2.07665 

8.40336 

373.85 

11122.0 1 

1 

120 

14400 

1728000 

10.9546 

4.9324 

2.07918 

8.33333 

376.99 

11309.7 i 

121 

14641 

1771661 

11.0000 

4.9461 

2.08279 

8.26446 

380.13 

11499.0 i 

122 

14884 

1815848 

11.04.54 

4.9597 

2.08(5,36 

8.19672 

383.27 

11689.9 ; 

123 

15129 

1860867 

11.0905 

4.9732 

2.08991 

8.13008 

386.42 

11882.3 1 

124 

15376 

1906624 

11.13.55 

4.9866 

2.09342 

8.06452 

389.56 

12076.3 i 

125 

15625 

1053125 

11.1803 

5.0000 

2.09691 

8.00000 

392.70 

12271.8 1 

126 

15876 

2000376 

11.2250 

5.0133 

2.10037 

7.93651 

395.84 

12469.0 1 

127 

16129 

2048383 

11.2694 

5.0265 

2.10380 

7.87402 

398.98 

12667.7 1 

128 

10384 

2097152 

11.3137 

5.0397 

2.10721 

7.81250 

402.12 

12868.0 j 

129 

16641 

2146689 

11.3678 

5.0528 

2.11059 

7.75194 

4«6.27 

13069.8 j 

130 

16900 

2197000 

11.4018 

5.0658 

2.11.394 

7.69231 

408.41 

13273.2 

131 j 

17161 

2248091 

11,4455 

5.0788 1 

2.11727 

7.6.3359 

411.55 

13478.2 

132 1 

17424 

2299968 

11.4891 

5.0916 

2.12057 

7.57576 

414.69 

13684.8 

133 1 

17689 

2352637 

11.5326 

5.10-15 

2.12,385 

7.51880 

417.83 

13892.9 

134 

17956 

2406104 

11,6758 

6.1172 

2.12710 

7.46269 

420.97 

14102.6 

135 

18225 

2460375 

11.6190 

5.1299 

2.13033 

7.40741 

424.12 

14313.9 

136 

18496 

2515456 

11.6619 

6.1426 

2.133,54 

7.35294 

427.26 

14526.7 

137 

18769 

2571353 

11.7047 

5.1.551 

2.13672 

7.29927 

430.40 

14741.1 

138 

19044 

2628072 

11.7473 

5.1676 

2.13988 

7.24638 

433.54 

14957.1 

139 

19321 

2685619 

11,7898 

5.1801 

2.14301 

7.19424 

436.08 

15174.7 

140 

19600 

2744000 

11.8.322 

5.1926 

2.14613 

7.14286 

439.82 

15393.8 

141 

19881 

2803221 

11.8743 

6.2048 

2.14922 

7.09220 

442.96 

15614.5 

142 

20164 

2863288 

11.9164 

5.2171 

2.15229 

7.04225 

446.11 

15836.8 

143 

20449 

2024207 

11.9583 

6.2293 

2.155,34 

6.99.301 

449.25 

10060.6 ! 

144 

20736 

2985984 

12.0000 

5.2415 

2.15836 

6.94444 

452.39 

16286.0 

145 

21025 

3048625 

12.0416 

5.2536 

2.16137 

6.896.55 

455.53 

16513.0 

146 

21310 

3112136 

12.0830 

5.2656 

2.16435 

6.84932 

458.67 

16741.5 

147 

21609 

3176523 

12.1244 

6.2776 

2.16732 

6.80272 

461.81 

16971.7 

148 

21904 

3241792 

12.1655 

6.2896 

2.17026 

6.75676 

464.96 

17203.4 1 

149 

22201 

3307949 

12.2066 

5.3015 

2.17819 

6.71141 

468.10 

17436.6 I 



MATHEMATICAL TABLES 


Functions op Numbers, 150 to 199 I 


No. 

Square 

Cube 

Square 

Root 

Cubic 

Root 

Ijogarithm 

1000 

X 

Reciprooal 

No. = Diameter ; 

Circum. 

Area | 

150 

22600 

337.5000 

12.2474 

5.3133 

2.17609 

6.66667 

471.24 

17671.6 j 

151 i 

22801 

3442951 

12.2882 

6..3251 

2.17898 

6.62262 

474.38 

17907.9 ! 

152 i 

23104 

3511808 

12..3288 

5..3368 

2.18184 

6.57895 

477.52 

18145.8 i 

153 ; 

23409 

3581577 

12..3693 

5.3485 

2.18469 

6.53595 

480.66 

18385.4 ; 

154 

23716 

3052264 

12.4097 

5.3001 

2.18752 

6.49351 

483.81 

18626.5 ! 

155 

24025 

3723875 

12.4499 

5.3717 

2.19033 

6.45161 

486.95 

18869.2 I 

156 

24336 

3796416* 

12.4900 

5.3832 

2.19312 

6.41026 

490.09 

19113 4 ; 

157 

24049 

3809893 

12.5300 

5.3947 

2.19.590 

6.36943 

493.23 

19359.3 ; 

158 

24964 

3944312 

12..5098 

5.4001 

2.19860 

6.32911 

496.37 

19606.7 ■ 

159 

25281 

4019079 

12.0095 

5.4175 

2.20140 

0.28931 

499.51 

19856.7 : 

160 

25600 

4096000 

12.0491 

5.4288 

2.20412 

6.25000 

502.65 

20106.2 1 

1(51 

25921 

4173281 

12.6886 

5.4401 

2.2(M183 

6.21118 

505.80 

20358.3 ! 

102 

20244 

4251.528 

12.7279 

5.4514 

2.20952 

6.17284 

608.94 

20612.0 ; 

103 

^ 20.509 

4330717 

12.7071 

5.4020 

2.21219 

6.13497 

512.08 

20867.2 i 

104 

20890 

4410914 

12.8002 

5.4737 

2.21484 

6.09756 

515.22 

21124.1 : 

106 

27225 

' 4492125 

12.8452 

5.4848 

2.21748 

6.06061 

518.36 

21382.6 j 

166 

27556 

4574296 

12.8841 

5.4959 

2.22011 

6.02410 

621.50 

21642.4 i 

107 

27889 

4057463 

12.9228 

6.5069 

2.22272 

6.98802 

624.65 

21904.0 1 

108 

28224 

47416.32 

12.9015 

6.5178 

2.22.531 

6.95238 

627.79 

22167.1 ; 

169 

28561 

4826809 

13.0000 

5..5288 

2.22789 

6.91716 

530.93 

22431.8 I 

170 

28900 

4913000 

13.0384 1 

5.5397 

2.23^45 

6.88235 

634.07 

22698.0 ’ 

171 

29241 

6000211 

13.0707 

5..5.505 

2.23300 

5.84795 

6.37.21 

22965.8 ! 

172 

29584 

; 5088448 

13.1149 

5.5013 

2.23553 

5.81396 

540.35 

23235.2 ; 

173 

29929 

5177717 

13.1529 

6..5721 

2.23805 

5.78035 

543.50 

23506.2 1 

174 

1 30276 

5208024 

13.1909 

5..5828 

2.24055 

5.74713 

540.64 

23778.7 ! 

175 

30625 

5359375 

13.2288 

5.5934 

2.24304 

6.71429 

649.78 

24052.8 I 

176 

30976 

5451776 

13.2005 

5.6041 

2.24551 

5.68182 

552.92 

24328.5 1 

177 

31329 

554.5233 

I3.3a41 

5.6147 

2.24797 

5.64972 

656.06 

24005.7 1 

178 

31084 

5039752 

13..3417 

5.G252 

2.25042 

5.61798 

5.59.20 

24884.6 i 

179 

32041 

,6736339 

13.3791 

5.6357 

2.25285 

6.58659 

562.36 

25164.9 1 

180 

32400 

5832000 

13.4164 

5.6462 

2.26527 

5.55556 

565.49 

25446.9 ' 

181 

32701 

6929741 

13.45.36 

5.0.567 

2.25768 

6.52486 

668.63 

25730.4 i 

182 

33124 

0028568 

13.4907 

5.0671 

2.26007 

5,49451 

671.77 

26015.6 1 

183 

33489 

6128487 

13.5277 

5.0774 

2.20245 

5.46448 

574.91 

26302.2 j 

184 

33850 

0229504 

13.5647 

5.6877 

2.26482 

6.43478 

578.05 

26590.4 I 

185 

34225 

6331625 

13.6015 

5.6980 

2.26717 

6.40541 

581.19 

26880.3 i 

186 

34596 

0434856 

13.6382 

5.7083 

2.26951 

6.37634 

584.34 

27171.6 

187 

34969 

6539203 

13.0748 

5.7185 

2.27184 1 

5.34759 

587.48 

27464.6 

188 

35344 

0644672 

13.7113 

5.7287 

2.27416 

6.31915 

590.62 

27769.1 

189 

36721 

6751269 

13.7477 

6.7388 

2.27646 

5.29101 

693.76 

28055.2 

190 

36100 

0859000 

13.7840 

6.7489 

2,27876 

5.26316 

596.90 

28352.9 

191 

30481 

6907871 

13.8203 

6.7690 

2.28103 

5.23560 

600.04 

28652.1 

192 

30804 

7077888 

13.8564 

6.7690 

2.28330 

5.20833 

603.19 

28962.9 

193 

37249 

7189057 

13.8924 

5.7790 

2.28550 

5.18135 

600.33 

29255.3 

194 

37636 

7301384 

13.9284 

6.7890 

2.28780 

5.15464 

609.47 

29550.2 

195 

38026 

7414876 

13.9042 

6.7989 

2.29003 

5.12821 

612.61 

29864.8 

196 

38416 

7529536 

14.0000 

6.8088 

2.29226 

5.10204 

615.76 

30171.9 

107 

38809 

7045373 

14.0367 

6.8180 

2.29447 

5.07014 

618.80 

30480.5 

198 

89204 

7702392 

14.0712 

6.8286 

2.29667 

5.05061 

622.04 

30790.7 

190 

89601 

7880599 

14.1067 

6.8383 

2.29886 

5.02613 

626.18 

31102.6 
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Functions of Numbers, 200 to 249 


No. 

Square 

Cube 

Square 

Cubic 

Root 

Logarithm 

1000 

X 

Reciprocal 

No.=J 

Diameter 

CSrcum. 

Area 

200 

40000 

8000000 

14.1421 

6.8480 

2.30103 

6.00000 

628.32 

31415.9 

201 

40401 

8120601 

14.1774 

6.8678 

2.30320 

4.97512 

631.46 

31730.9 

202 

40804 

8242408 

14.2127 

6.8676 

2.30535 

4.95050 

634.60 

32047.4 

203 

41209 

8365427 

14.2478 

6.8771 

2,30750 

4.92611 

637.74 

32365.5 

204 

41616 

8489664 

14.2829 

6.8868 

2.30963 

4.90196 

640.88 

32685.1 

206 

42025 

8615125 

14.3178 

5.8964 

2.31175 

4.87805 

644.03 

33006.4 

206 

42436 

8741816 

14.3527 

5.9059 

2.31387 

4.85437 

647.17 

33329.2 

207 

42849 

8869743 

14.3875 

5.9166 

2.31597 

4.83092 

650.31 

33653.6 

208 

43264 

8998912 

14.4222 

6.9250 

2.31806 

4.80769 

653.45 

33979.6 

209 

43681 

9129329 

14.4668 

5.9345 

2.32016 

4.78469 

656.59 

34307.0 

210 

44100 

9261000 

14.4914 

5.9439 

2.32222 

4.76190 

659.73 

34636.1 

211 

44621 

9393931 

14.6268 

6.9533 

2.32428 

4.73934 

662.88 

34966.7 

212 

44944 

9528128 

14.6602 

6.9627 

! 2.32634 

4.71698 

I 666.02 

35298.9 

213 

45369 

9663597 

14.5945 

6.9721 

2.32838 

4.69484 

669.16 

35632.7 

214 

45796 

9800344 

14.6287 

6.9814 

2.33041 

4.67290 

672.30 

35968.1 

216 

46225 

9938375 

14.6629 

6.9907 

2.33244 

4.65116 

675.44 

36305.0 

216 

46656 

10077696 

14.6969 

6.0000 

2.3.3445 

4.62963 

678.58 

36643.5 

217 

47089 

10218313 

14.7309 

6.0092 

2.33646 

4.60829 

681.73 

36983.6 

218 

47524 

10360232 

14.7648 

1 6.0185 

2.33846 

4.58716 

684.87 

1 37326.3 

219 

47961 

10503459 

14.7986 

6.0277 

2.34044 

4.56621 

688.01 

37668.6 

220 

48400 

10648000 

14.8324 

6.0368 

2.34242 

4.64545 

691.16 

38013.3 

221 

48841 

10793861 

14.8661 

6.0459 

2.34439 

4..52489 

604.29 

38359.6 

222 

49284 

10941048 

14.8997 

6.0560 

2.34636 

4.50450 

697.43 

38707.6 

223 

49729 

11089667 

14.9332 

6.0641 

2.34830 

4.48430 

700.68 

39067.1 

224 

60176 

11239424 

14.9666 

6.0732 

2.35025 

4.46429 

703.72 

39408.1 

226 

60626 

11390625 

15.0000 

6.0822 

2.35218 

4.44444 

706.86 

39760.8 

226 

61076 

11543176 

16.0333 

6.0912 

2.35411 

4.42478 

710.00 

40115.0 

227 

61529 

11697083 

15.0665 

6.1002 

2.35603 

4.40529 

713.14 

40470.8 

228 

61984 

11862362 

16.0997 

6.1091 

2.35793 

4.38596 

716.28 

40828.1 

229 

62441 

12008989 

16.1327 

6.1180 

2.35984 

4.36681 

719.42 

41187.1 

230 

62900 

12167000 

16.1668 

6.1269 

2.36173 

4.34783 

722.67 

41547.6 

231 

63361 

12326391 

16.1987 

6.1358 

2.36361 

4.32900 

725.71 

41909.6 

232 

63824 

12487168 

16.2316 

6.1446 

2.36549 

4.31034 

728.85 

42273.3 

233 

64289 

12649337 

15.2643 

6.1634 

2.,36736 

4.29185 

731.99 

42636.5 

234 

54756 

12812904 

16.2971 

6.1622 

2.36922 

4.27360 

735.13 

43005.3 

235 

65225 

12977875 

15.3297 

6.1710 

2.37107 

4.25532 

738.27 

43373.6 

236 

66696 

13144256 

16.3623 

6.1797 

2.37291 

4.23729 

741.42 

43743.5 

237 

56169 

1.3312053 

15.3948 

6.1886 

2.37476 

4.21941 

744.56 

44115.0 

238 

56644 

13481272 

15.4272 

6.1972 

2.37068 

4.20168 

747.70 

44488.1 

239 

67121 

13651919 

15.4596 

6.2068 

2.37840 

4.18410 

750.84 

1 

44862.7 

240 

57600 

13824000 

15.4919 

6.2145 

2.38021 

4.16667 

763.98 

45238.9 

241 

58081 

13997521 

15.5242 

6.2231 

2.38202 

4.14938 

767.12 

45616.7 

242 

58664 

14172488 

15.6563 

6.2317 

2.38382 

4.13223 

760.27 

45996.1 

243 

59049 

14348907 

15.5885 

6.2403 

2.38561 

4.11523 

763.41 

46377.0 

244 

59536 

14526784 

16.6205 

6.2488 

2.38739 

4.09836 

766.56 

46769.6 

246 

60025 

14706125 

16.6525 

6.2573 

2.38917 

4.08163 

769.69 

47143.6 

246 

60616 

14886936 

16.6844 

6.2658 

2.39094 

4.06504 

772.83 

47529.2 

247 

61009 

15069223 

15.7162 

6.2743 

2.39270 

4.04858 

775.97 

47916.4 

248 

61504 

15262992 

15.7480 

6.2828 

2.39445 

4.03226 

779.12 

48306.1 

240 

62001 

15438249 

15.7707 

6.2912 

2.39620 

4.01606 

782.26 

48696.6 
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Functions of Numbers, 250 to 299 


No. 

Square 

Cube 

Square 

Cubic 

Root 

Logarithm 

1000 

z 

Reciprocal 

1 No.— Diainetw 

Circum. 

Area 

250 

62500 

15625000 

15.8114 

6.2996 

2..39794 

4.00000 

785.40 

49087.4 

251 

63001 

15813251 

15.8430 

6..3080 

2.39967 

3.98400 

788.54 

49480.0 

252 

63504 

16003008 

15.8745 

6.3164 

2.40140 

3.96825 

791.68 

49875.9 

253 

64009 

16194277 

15.9060 

6.3247 

2.40312 

3.9.5257 

794.82 

50272.6 

264 

64516 

16387064 

15.9374 

6.3330 

2.40483 

3.93701 

797.96 

50670.7 

255 

65025 

16581375 

15.9687 

6.3413 

2.40654 

3.92157 

801.11 

51070.5 

256 

65536 

1 677721 

16.0000 

6.3406 

2.40824 

3.90625 

804.25 

51471.9 

257 

66049 

16974593 

16.0312 

6.3579 

2.40993 

3.89105 

807.39 

51874.8 

258 

66564 

17173512 

16.0624 

6..3661 

! 2.41162 

3.87597 

810..53 

52279.2 

259 

67081 

17373979 

16.0935 

6.3743 

2.41330 

3.86100 

813.67 

52685.3 

260 

67600 

17576000 

16.1245 

6.3825 

2.41497 

3.84615 

816.81 

.53092.9 

201 

68121 

17779581 

16.155.5* 

6.3907 

2.41664 

3.83142 

819.96 

53502.1 

262 

68644 

17984728 

16.1864 

6.3988 

2.41830 

3.81679 

823.10 

53912.9 

263 

69169 

18191447 

16.2173 

6.4070 

2.41996 

3.80228 

826.24 

.54325.2 

264 

69696 

18399744 

16.2481 

6.4151 

2.42160 

3.78788 

829.38 

54739.1 

265 

70225 

18609625 

16.2788 

6.4232 

2.42325 

3.77358 

832..52 

55154.6 

266 

70756 

18821096 

16.3095 

6.4312 

2.42488 

3.75940 

835.66 

55571.6 

267 

71289 

19034163 

16.3401 

6.4393 

2.42651 

3.74532 

8.38.81 

5.5900.2 

268 

71824 

19248832 

16.3707 

6.4473 

2.42813 

3.73134 

841.95 

56410.4 

269 

72361 

19466109 

16.4012 

6.4553 

2.42975 

3.71747 

845.09 

56832.2 

270 

72900 

19683000 

16.4317 

6.4633 

2.43136 

3.70370 

848.23 

57255.5 

271 

73441 

19902511 

16.4621 

6.4713 

2.43297 

3.69004 

851. .37 

57680.4 

272 

73984 

20123648 

16.4924 

6.4792 

2.43457 

3.67647 

8.54.51 

58106.9 

273 

74529 

20346417 

16.5227 

6.4872 

2.43616 

3.66.300 

857.65 

58534.9 

274 

75076 

i 20570824 

16.5529 

6.4951 

2.43775 

3.64964 

860.80 

58964.6 

275 

75625 

20790875 

16..5831 

6.5030 

2.43933 

3.63636 

863.94 

59395.7 

276 

76176 

' 21024576 

16.6132 

6.5108 

2.44091 

3.62319 

867.08 

69828.5 

277 

76729 

21253933 

16.6433 

6.5187 

2.44248 

3.61011 

870.22 

60262.8 

278 

77284 

214849.52 

16.6733 

6.5265 

2.44404 

3.59712 

873..36 

60698.7 

279 

77841 

^1717639 

16.7033 

6.5343 

2.44560 j 

3.58423 

876.50 

611.36.2 

280 

78400 

219.52000 

16.7332 

6.5421 

2.44716 

3.57143 

879.65 

61576.2 

281 

78961 

22188041 

16.7631 

6..5499 

2.44871 

3.55872 i 

882.79 

62015.8 

282 

79524 

22425768 

16.7929 

6.5577 

2.45025 

3.54610 

885.93 

62458.0 

283f 

80089 

22665187 

16.8226 

6.56.54 

2.45179 

3.533,57 

889.07 

62901.8 

284 

80656 

22906304 

16.8523 

0.5731 

2.45332 

3.52113 

892.21 

6.3347.1 

285 

81225 

23149125 

16.8819 

6.5808 

2.45484 

3.50877 

895.35 

6.3794.0 

286 

! 81796 

2339;^56 

16.9115 

6.5885 

2:45637 

3.49650 

898.50 

64242.4 

287 

82369 

23639903 

16.9411 

6.,5962 

2.45788 

3.48432 

901.64 

64692.5 

288 

82944 

23887872 

16.9706 

6.6039 

2.45939 

3.47222 

904.78 

65144.1 

289 

83521 

24137569 

17.0000 

6.6115 

2.40090 

3.46021 

907.92 

65597.2 

290 

84100 

24389000 

17.0294 

6.6191 

2.46240 

3.44828 

911.00 

66052.0 

291 

84681 

24642171 

17.0587 

6.6267 

2.46389 

3.4.3643 

014.20 

66508.3 

292 

85264 

24897088 

17.0880 

6.6343 

2.46538 

3.42466 

917..35 

66966.2 

293 

85849 

25163757 

17.1172 

6.6419 

2.46687 

3.41297 1 

920.49 

67425.6 

294 

86436 

25412184 

17.1464 

6.6494! 

2.46835 

3.40136 

923.63 

67886.7 

295 

87026 

25672375 

17.1756 

6.6509 

2.46982 

3.38983 i 

926.77 

68349.3 

296 

87616 

25934336 

17.2047 j 

6.6644 

2.47129 

3.37838 

029.91 

68813.4 

297 

88209 

26198073 

17.2337 

6.6719 

2.47276 

3.38700 

033.05 

69270.2 

298 

88804 

26463692 

17.2627 

6.6794 

2.47422 

3.35570 

036.19 

69746.5 

200 

89401 

26730899 

17.2916 

6.6869 

2.47567 

3.34448 

030.34 

70216.4 
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CARNBQIE STBBi. COMPANY 
Functions of Numbers, 300 to 349 








1000 

No.«I 

)iameter 

No. 

Square 

Cube 


Rooi 

Logarithm 

X 

Reciprocal 

Ciroum. 

Area 

300 

00000 

27000000 

17.3205 

6.6943 

2.47712 

3.33333 

942.48 

70685.8 

301 

90601 

27270901 

17.3494 

6.7018 

2.47857 

3.32226 

945.62 

71157.9 

302 

01204 

27543008 

17.3781 

6.7002 

2.48001 

3.31126 

948.76 

71631.5 

303 

91809 

27818127 

17.4069 

6.7166 

2.48144 

3.30033 

051.00 

72106.6 

304 

02410 

28094404 

17.4356 

6.7240 

2.48287 

3.28047 

055.04 

72683.4 

305 

03025 

28372025 

17.4642 

6.7313 

2.48430 

3.27869 

958.19 

73061.7 

300 

93630 

28052616 

17.4920 

6.7387 

2.48572 

3.26797 

061.33 

73541.5 

307 

04249 

28934443 

17..5214 

6.7460 

2.48714 

3.25733 

964.47 

74023.0 

308 

04804 

20218112 

17.5400 

6.7533 

2.48865 

3.24675 

067.61 

74506.0 

309 

05481 

20503629 

17.6784 

6.7606 

2.48996 

3.23626 

970.75 

74990.6 

310 

06100 

29701000 

17.6068 

6.7670 

2.49136 

3.22581 

973.89 

75476.8 

311 

96721 

30080231 

17.6352 

6.7752 

2.49276 

3.21643 

077.04 

76964.5 

312 

97344 

30371328 

17.6635 

6.7824 

2.49415 

3.20513 

980.18 

76453.8 

313 

07900 

30664207 

17.6918 

6.7807 

2.40554 

3.19480 

983.32 

76944.7 

314 

98596 

30959144 

17.7200 

6.7969 

2.40603 

3.18471 

986.46 

77437.1 

315 

99225 

31255875 

17.7482 

6.8041 

2.49831 

3.17460 

989.60 

77931.1 

316 

09856 

31554406 

17.7764 

6.8113 

2.49969 

3.16456 

902.74 

78426.7 

317 

100480 

31855013 

17.8045 

6.8185 

2.50106 

3.15457 

905.88 

78923.9 

318 

101124 

32157432 

17.8326 

6.8256 

2.50243 

3.14405 

909.03 

79422.6 

319 

101761 

32461759 

17.8606 

6.8328 

2.50379 

3.13480 

1002.2 

79922.0 

320 

102400 

32768000 

17.8885 

6.8399 

2.50515 

3.12500 

1005.3 

80424.8 

321 

103041 

33076161 

17.9106 

6.8470 

2.50651 

3.11526 

1008.5 

80928.2 

322 

103684 

33386248 

17.0444 

6.8541 

2.50786 

3.10559 

1011.6 

81433.2 

323 

104329 

33698267 

17.0722 

6.8612 

2.50020 

3.09598 

1014.7 

81939.8 i 

324 

104076 

34012224 

18.0000 

6.8683 

2.51055 

3.08642 

1017.9 

82448.0 ( 

325 

105025 

34328125 

18.0278 

6.8753 

2.51188 

3.07692 

1021.0 

82957.7 ; 

326 

106270 

34646076 

18.0555 

6.8824 

2.61322 

3.06749 

1024.2 

83469.0 1 

327 

100020 

34906783 

18.0831 

6.8894 

2.61465 

3.05810 

1027.3 

83981.8 S 

328 

107584 

35287652 

18.1108 

6.8064 

2.51587 

3.04878 

1030.4 

84496.3 i 

329 

108241 

36611289 

18,1384 

6.0034 

2.51720 

3.03951 

1033.6 

a 

86012.3 

330 

108900 

35937000 

18.1669 

6.9104 

2.61861 

3.03030 

1036.7 

85529.0 

331 

109561 

36264691 

18.1934 

6.9174 

2.51983 

3.02115 

1039.9 

86049.0 

332 

110224 

30594368 

18.2209 

6.9244 

2.52114 

3.01205 

1043.0 

86569.7 

333 

110889 

36926037 

18,2483 

i 0.0313 

2.52244 

3.00300 

1046.2 

87002.0 

334 

111566 

37269704 

18.2757 

6.0382 

2.52375 

2.90401 

1049.3 

87615.9 

335 

112225 

37595376 

18.3030 

6.9451 

2.5250*4 

2.98507 

1052.4 

88141.3 

336 

112896 

37033056 

18,3303. 

6.9521 

2.62634 

2.97619 

1065.0 

88668.3 

337 

1 113569 

38272753 

18,3676 

6.9589 

2.52703 

2.96736 

1058.7 

89106.0 

338 

! 114244 

38614472 

18,3848 

6.0658 

2.52892 

2.96858 

1061.9 

89727.0 

339 

1 114921 

38058219 

18.4120 

6.0727 

2.53020 

2.94985 

1065.0 

00258.7 

340 

116600 

39304000 

18.4391 

6.9705 

2.53148 

2.04118 

1068.1 

90792.0 

341 

116281 

30651821 

18.4662 

6.0864 

2.53275 

2.93255 

1071.3 

91326.0 

342 

' 116964 

40001688 

18.4932 

6.9032 

2.53403 

2.92308 

1074.4 

91863.3 

343 

117649 

40353607 

18.5203 

7.0000 

2.53520 

2.91545 

1077.6 

92401.3 

344 

118336 

40707684 

18.6472 

7.0068 

2.53656 

2.00698 

1080.7 

92940.9 

345 

110026 

41063625 

18.5742 

7.0136 

2.53782 

2.89855 

1083.8 

93482.0 

346 

119716 

41421736 

18.6011 

7.0203 

2.53908 

2.80017 

1087.0 

04024.7 

347 

120409 

41781923 

18.6279 

7,0271 

2.54033 

2.88184 

1090.1 

04569.0 

348 

121104 

42144102 

18.6548 

7.0338 

2.64158 

2.87356 

1093.3 

05114.9 

349 

121801 

42508540 

18.6815 

7.0406 

2.54283 

2.86533 

1096.4 

95662.3 
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MATHBMATICAL TABLES 


Functions of Numbers, 350 to 399 


: No. 

Square 

Cube 

Square 

Cubic 

Root 

Logarithm 

1000 

X 

Reciprocal 

1 No. = Diameter 

Circum. 

Area | 

i 350 

122500 

42875000 

18.7083 

7.0473 

2..54407 

2.86714 

1099.6 

06211.3 i 

; 351 

123201 

43243551 

18.7350 

7.0540 

2.54531 

2.84900 

1102.7 

96761.8 i 

i 352 

123904 

43614208 

18.7617 

7.0607 

2.546.54 

2.84091 

1105.8 

97314.0 ; 

1 353 

124609 

43986977 

18.7883 

7.0674 

2.54777 

2.8.3286 

1109.0 

97867.7 

! 354 

125310 

44361864 

18.8149 j 

7.074O 

2..54900 

2.82486 

1112.1 

98423.0 

^56 

126025 

44738875 

18.8414 

7.0807 

2.55023 

2.81690 

1116.3 

98979.8 

; 350 

126736 

4611801S 

18.8680 

7.0873 

2.55145 

2.80899 

1118.4 

99538.2 

367 

127449 

45499293 

18.8944 

7.0940 

2.55267 

2.80112 

1121.5 

100098 

: 358 

128164 

45882712 

18.9209 

7.1006 

2.55.388 

2.79330 

1124.7 

100660 

■ 359 

128881 

46268279 

18.9473 

7.1072 

2.55509 

2.78552 

1127.8 

101223 

300 

120600 

46656000 

18.9737 

7.1138 

2.666.30 

2.77778 

1131.0 

101788 ! 

361 

130321 

47045881 

19.0000 

7.1204 

2..56751 

2.77008 

1134.1 

102354 1 

, 362 

131044 

47437928 

19,0263 

7.1269 

2..5.5871 

2.76243 

1137.3 

102922 1 

363 

131769 

47832147 

19.0526 

7.1335 

2.55991 

2.75482 

1140.4 

103491 ! 

364 

132490 

48228544 

19.0788 

7.1400 

2.56110 

2.74725 

1143.6 

104062 \ 

365 

133225 

48627125 

19.1050 

7.1466 

2.56229 

2.73973 

1146.7 

104636 ; 

366 

133956 

49027896 | 

19.1311 

7.1631 

2.56348 

2.73224 

1149.8 

105209 

367 

134689 

40430863 

19.1672 

7.1596 

2.56467 

2.72480 

1153.0 

105785 

368 

135424 

49836032 

19.1833 

7.1661 

2.56585 

2.71739 

11.56.1 

106362 ! 

360 

136161 

50243400 

19.2094 

7.1726 

2.56703 

2.71003 

1169.2 

106941 1 

370 

136900 

50653000 j 

19.2354 

7.1791 

2.66820 

2.70270 

1162.4 

107621 ! 

371 

137041 

51064811 

19.2614 

7.1865 

2.66937 

2.69542 

1165.5 

108103 1 

372 

138384 

51478848 

19.2873 

7.1920 

2.67064 

2.68817 

1168.7 

108687 i 

373 

139129 

51896117 

19.3132 

7.1984 

2.67171 

2.68097 

1171.8 

109272 t 

374 

139876 

62313624 

19.3391 

7.2048 

2.67287 

2.67380 

117.5.0 

109858 ! 

: 375 

140626 

1 52734375 

19.3649 

7.2112 

2.57403 

2.66667 

! 1178.1 

110447 I 

376 

141376 

63167376 

19.3907 

7.2177 

2.67519 

2.65957 

1181.2 

111036 i 

; 377 

142129 

1 63582633 

19.4165 

7.2240 

2.57634 

2.6.5262 

1184.4 

111628 i 

378 

142884 

I 64010152 

19,4422 

7.2304 

2.57749 

2.64650 

1187.6 

112221 1 

; 379 

143041 

^64439939 

19.4679 

7.2368 

2.67864 

2.63862 

1190.7 

112816 1 

380 

144400 

64872000 

19.4036 

7.2432 

2.57978 

2.63158 

1193.8 

113411 

381 

145161 

55306341 

19.6192 

7.2496 

2.58093 

2.62467 

1196.9 

114009 

382 

145924 

65742968 

19.6448 

7.2558 

2.58206 

2.61780 

1200.1 

114608 

383 

146689 

66181887 

19.5704 

7.2622 

2.68320 

2.61097 

1203.2 

115209 

384 

147456 

56623104 

19.5959 

7.2686 

2.58433 

2.60417 

1206.4 

116812 

385 

148225 

57066626 

19.6214 

7.2748 

2.58546 

2.59740 

1209.5 

116416 ! 

386 

146096 

676C2466 

19.6469 

7.2811 

2.68659 

2.69067 

1212.7 

117021 

387 

149769 

570^03 

19,6723 

1 7.2874 

2.58771 

2.58398 

1215.8 

117628 

388 

150544 

68411072 

19.6977 

7.2936 

2.68883 

2.67732 

1218.9 

118237 

889 

151321 

58863860 

19,7231 

7.2999 

2.68995 

2.67069 

1222.1 

118847 

390 

162100 

59310000 

19.7484 

7.3061 

2.69106 

2.56410 

1226.2 

119469 

301 

162881 

69776471 

19.7737 

7.3124 

2.69218 

2.65754 

1228.4 

120072 

392 

163664 

60236288 

19.7090 

7.3186 

2.60320 

2.66102 

1231.5 

120687 

803 

154440 

60698457 

19.8242 

7.3248 

2.50439 

2.64453 

1234.6 

121304 

304 

155236 

61162084 

19.8494 

7.3310 

2.69650 

2.63807 

1237.8 

121022 

396 

156026 

61620876 

19.8746 

7.3372 

2.69660 

2.53166 

1240.9 

122542 

396 

156816 

62090136 

19.8997 

7.3434 

: 2.59770 

2.62525 

1244.1 

123163 

807 

167609 

62670773 

19.9249 

7.3496 

2.69879 

2.61889 

1247.2 

123786 

398 

158404 

63044702 

19.9409 

7.3668 

1 2.59988 

2.61266 

1260.4 

124410 

309 

159201 

63621199 

10.9750 

7.3619 

12.60097 

2.60627 

1253.6 

126036 
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CARNBaiB 8TBBL COMPANY 


Functions op Numbers 400 to 449 


No. 

Square* 

Cube 

^uare 

Root 

Cubie 

Root 

Logarithm 

1000 

X 

Reciprocal 

j No.— Diameter 

Citcum. 

Area 

400 

160000 

64000000 

20.0000 

7.3681 

2.60206 

2.50000 

1256.6 

125664 

401 

160801 

64481201 

20.0250 

7.3742 

2.60314 

2.49377 

1269.8 

126293 

402 

161604 

64964808 

20.0499 

7.3803 

2.60423 

2.48766 

1262.9 

126923 

403 

162409 

65450827 

20.0749 

7.3864 

2.60531 

2.48139 

1266.1 

127556 

404 

163216 

65939264 

20.0998 

7.3925 

2.60638 

2.47625 

1269.2 

128190 

405 

164025 

66430125 

20.1246 

7.3986 

2.60746 

2.46914 

1272.3 

128825 

406 

164830 

66923416 

20.1494 

7.4047 

2.60853 

^46305 

1276.6 

129462 

407 

165649 

67419143 

20.1742 

7.4108 

2.60959 

2.45700 

1278.6 

130100 

408 

166464 

67017312 

20.1990 

7.4169 

2.61066 

2.45098 

1281.8 

130741 

409 

167281 

68417929 

20.2237 

7.4229 

2.61172 

2.44499 

1284.9 

131382 

410 

168100 

68921000 

20.2485 

7.4290 

2.61278 

2.43902 

1288.1 

132025 

411 

168921 

69426531 

20.2731 

7.4350 

2.61384 

2.4.3309 

1291.2 

132670 

412 

! 169744 

69934528 

20.2978 

7.4410 

2.61490 

2.42718 

1294.3 

133317 

413 

1 170569 

70444997 

20.3224 

7.4470 

2.61595 

2.42131 

1297.5 

133965 

414 

171396 

70957944 

20.3470 

7.4530 

2.61700 

2.41646 

1300.6 

134614 

415 

172225 

71473375 

20..3715 

7.4590 

2.61805 

2.40964 

1303.8 

135265 

416 

I 173056 

71991296 

20.3961 

7.4650 

2.61909 

2.40385 

1306.9 

135918 

417 

! 173889 

72511713 

20.4206 

7.4710 

2.62014 

2.39808 

1310.0 

136572 

418 

174724 

73034632 

20.4450 

7.4770 

2.62118 

2.39234 

1313.2 

137228 

410 

175561 

73560059 

20.4695 

7.4829 

2.62221 

2.38663 

1316.3 

137885 

420 

176400 

74088000 

20.4939 

7.4889 

2.62325 

2..38095 

1319.5 

138544 

421 

177241 

74618461 

20.5183 

7.4948 

2.62428 

2.37630 

1322.6 

139205 

422 

178084 

75151448 

20.5426 

7.5007 

2.62531 

2.36967 

1325.8 

i 139867 

423 

178929 

75686967 

20.5670 

7.5067 

2.62634 

2.36407 

1328.9 

1 140531 

424 

179776 

76225024 

20.5913 

7.5126 

2.62737 

2.35849 

1332.0 

1 141196 

425 

180625 

70765625 

20.6155 

7.5185 

2.62839 

2.35294 

1335.2 

1 141863 

426 

181478 

77308776 

20.6398 

7.5244 

2.62941 

2.34742 

1338.3 

142531 

427 

182329 

77864483 

20.6640 

7.5302 

2.63043 

2.34192 

1341.5 

143201 

428 

183184 

78402752 

20.6882 

! 7.5361 

2.63144 

2.33645 

1344.6 

143872 

420 

184041 

78953589 

20.7123 

7.5420 

2.63246 

2.33100 

^347.7 

144545 

430 

184900 

79507000 

20.7364 

7.5478 

2.63347 

2.32558 

1350.9 

145220 

431 

185761 

80062991 

20.7605 

7.5537 

2.63448 

2..32019 

1354.0 

145896 

432 

186624 

80621668 

20.7846 

7.5595 

2.63548 

2.31481 

1357.2 

146574 

433 

187489 

81182737 

20.8087 

7..5654 

2.63649 

2.30947 

1360.3 

147254 

434 

188356 

81746504 

20.8327 

7.5712 

2.63749 

2.30415 

i 1363.5 

147934 

435 

189225 

82312875 

20.8567 

7.5770 

2.63849 

2.29885 

1366.6 

148617 

436 

190096 

82881856 

20.8806 

7.5828 

2.63949 

2.29^58 

1.369.7* 

149301 

437 

190969 

83453453 

20.9045 

7.5886 

2.64048 

2.28833 

1372.9 

149987 

438 

1 191844 

84027672 

20.9284 

7.5944 

2.64147 

2.28311 

1376.0 

150674 

439 

192721 

1 84604519 

20.9523 

7.6001 

2.64246 

2.27790 

1379.2 

151363 

440 

193600 

85184000 

20.9762 

7.6059 

2.64345 

2.27273 

1.382.3 

152063 

441 

194481 

85766121 ! 

21.0000 j 

7.6117 

2.64444 

2.26757 

1385.4 

152746 

442 

195364 

86350888 ! 

21.0238 

7.6174 

2.64542 

2.26244 

1388.6 

153439 

443 

196249 

86938307 

21.0476 

7.6232 

2.64640 

2.25734 

1391.7 

154134 

444 

197136 

87528384 

21.0713 ! 

7.6289 

2.64738 

2.25225 

1394.9 

154830 

445 

198025 

88121125 

21.0950 

7.6346 

2.64836 

2.24719 

1.398.0 

155628 

446 

198916 

88716536 

21.1187 

7.6403 

2.64933 

2.24215 

1401.2 

156228 

447 

190809 

89314623 

21.1424 

7.6460 

2.65031 

2.23714 

1404.3 

156930 

448 

200704 

89915302 

21.1660 

7.6517 

2.65128 

2.23214 

1407.4 

157688 

449 

201601 

90518849 

21.1896 

7.6674 

2.65225 

2.22717 

1410.6 

168337 
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MATHEMATICAL TABLB& 


Functions of Numbers, 450 to 499 


1 

Square 

Cube 

Square 

Ruot 

Cubig 

Root 

Logarithm 

1000 

z 

Reciprocal 

No.=sDiameter 

1 No. 

Circum. 

Area 

i 450 

202500 

01125000 

21.2132 

7.6031 

2.65321 

2.22222 

1413.7 

1.59043 

; 451 

203401 

91733851 

21.2368 

7.0688 

2.65418 

2.21729 

1410.9 

1.59761 

; 452 

204304 

92345408 

21.2603 

7.6744 

2.65514 

2.21239 

1420.0 

160460 

453 

205200 

92959077 

21.2838 

7.6801 

2.65610 

2.20751 

1423.1 

161171 

1 454 

200116 

93576664 

21.3073 

7.6857 

2.05706 

2.20264 

1426.3 

161^3 

1 456 

207025 

94190375 

21.3307 

7.6914 

2.6.5801 

2.19780 

1420.4 

162607 

; 450 

207930 

94818819 

21.3542 

7.6970 

2.65896 

2.19298 

1432.6 

1-03313 

i 457 

208840 

95443993 

21.3776 

7.7026 

2.65992 

2.18818 

1435.7 

164030 

> 458 

209704 

96071912 

21.4009 

7.7082 

2.66087 

2.18341 

1438.8 

164748 

1 459 

210081 

96702579 

21.4243 

7.7138 

2.66181 

2.17865 

1442.0 

165468 

j 

! 460 

211600 

97336000 

21.4476 

7.7194 

2.66276 

2.17391 

1445.1 

166190 

; 401 

212521 

97972181 

21.4709 

7.7250 

2.66370 

2.10920 

1448.3 

106914 

' 402 

213444 

98611128 

21.4942 

7.7300 

2.66464 

2.16450 

1451.4 

167639 

i 403 

214369 

99262847 

21.5174 

7.7362 

2.66558 

2.15983 

1454.0 

168365 

i 404 

215290 

99897344 

21.5407 

7.7418 

2.66652 

2.15517 

1457.7 

169003 

i 465 

210225 

100544625 

21.5639 

7.7473 

2.06745 

2.15054 

1460.8 

169823 

400 

217150 

101194696 

21.5870 

7.7529 

2.66839 

2.14592 

1464.0 

170554 

467 

218089 

101847503 

21.6102 

7.7584 

2.66932 

2.141.33 

1407.1 

171287 

i 468 

219024 

102503232 

21.6333 

7.7639 

2.67025 

2.13075 

1470.3 

172021 

469 

219001 

103161709 

21.0664 

7.7695 

2.67117 

2.13220 

1473.4 

172767 

470 

220900 

103823000 

21.6795 

7.7750 

2.67210 

2.12766 

1476.5 

173404 

471 

221841 

104487111 

21.7025 

7.7805 

2.67302 

2.12314 

1479.7 

174234 

472 

222784 

105154048 

21.7256 

7.7860 

2.67394 

2.11804 

1482.8 

174974 

t 473 

223729 

105823817 

21.7486 

7.7915 

2.07486 

2.11410 

1486.0 

175716 

i 474 

224676 

106496424 

21.7715 

7.7970 

2.67578 

2.10970 

1489.1 

176460 

; 476 

225025 

107171876 

21.7945 

7.8025 

2.07069 

2.10526 

1492.3 

1 177206 

: 476 

226576 

107860176 

21.8174 

7.8079 

2.07761 

2.10084 

1495.4 

177962 

1 477 

227629 

108531333 

21.8403 

7.8134 

2.67852 

2.09644 

1498.5 

178701 

478 

228484 

109215352 

21.8632 

7.8188 

2.67943 

2.09205 

1501.7 

179461 

479 

229441 

109902239 

• 

21.8861 

7.8243 

2.68034 

2,08768 

1504.8 

180203 

480 

230400 

110592000 

21.9089 

7.8297 

2.68124 

2.08333 

1508.0 

180956 

481 

231361 

111284641 

21.9317 

7.8352 

2.68215 

2.07900 

1511.1 

181711 

; 482 

232324 

111980168 

21.9645 

7.8400 

2.68305 

2.07469 

1514.2 

182467 

I 483 

233289 

112678587 

21.9773 

7.8460 

2.68395 

2.07039 

1517.4 

183225 

484 

234256 

113379904 

22.0000 

7.8614 

2.68485 

2.06612 

1520.5 

183984 

485 

235225 

114084125 

22.0227 

7,8568 

2.68574 

2.00180 

1523.7 

184745 

480 

23&100 

114791256 

22.0454 

7.8622 

2.68664 

2.05761 

1526.8 

185508 

487 

237169 

115501303 

22.0681 

7.8670 

2.68753 

2.05339 

1530.0 

186272 

488 

238144 

116214272 

22.0907 

7.8730 

2.68842 

2.04918 

1533.1 

187038 

489 

230121 

116930169 

22.1133 

7.8784 

2.08931 

2.04499 

1536.2 

187805 

490- 

240100 

117649000 

22.1359 

7.8837 

2.69020 

2.04082 

1539.4 

188674 

491 

241081 

118370771 

22.1585 

7.8891 

2.69108 

2.03006 

1542.5 

189345 

492 

242064 

119095488 

22.1811 

7.8944 

2.69197 

2.03252 

1545.7 

190117 

493 

243049 

119823157 

22.2036 

7.8998 

2.69285 

2.02840 

1548.8 

190800 

404 

244036 

120553784 

22.2261 

7.0061 

2.69373 

2.02420 

1551.0 

191665 

405 

245025 

121287375 

22.2480 

7.9105 

2.69401 

2.02020 

1555.1 

192442 

406 

246010 

122023930 

22.2711 

7.9168 

2.69548 

2.01613 

1568.2 

193221 

407 

247000 

122763473 

22.2935 

7.9211 

2.69636 

2.01207 

1561.4 

194000 

408 

248004 

123505992 

22.3159 

7.9264 

2.69723 

2.00803 

1564.5 

194782 

490 J 

240001 

124251499 

22.3383 

7.9317 

2.69810 

2.00401 

1567.71 

195565 
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Functions of Numbers 600 to 649 


No, 

Square 

Cube 

Square 

Root 

Gpbio 

Root 

LoBarithm 

1000 

Reciprocal 

No.=l 

Diameter 

Circum. 

Area 

6oe 

360000 

216000000 

24.4940 

8.4343 

2.77815 

1.66667 

1885.0 

282743 

601 

361201 

217081801 

24.6153 

8,4390 

2.77887 

1.66389 

1888.1 

283687 

002 

362404 

218167208 

24.5357 

8.4437 

2.77060 

1.66113 

1891.2 

284631 

603 

363609 

219256227 

24.5561 

8.4484 

2.78032 

1.66837 

1894.4 

285578 

604 

364816 

226848864 

24.5764 

8.4630 

2.78104 

1.65563 

1897.5 

286526 

605 

366025 

221445125 

24.5967 

8.4677 

2.78176 

1.65289 

1900.7 

287475 

600 

367236 

222545010 

24.6171 

8.4623 

2.78247 

1HJ5017 

1903.8 

288426 

007 

368449 

223648543 

24.6374 

8.4670 

2.78319 

1.64745 

1906.9 

289379 

608 

369664 

224755712 

24.6577 

8.4716 

2.78390 

1.64474 

1910.1 

290333 

609 

370881 

225866529 

24.6770 

8.4763 

2.78462 

1.64204 

1913.2 

291289 

010 

372100 

226981000 

24.6982 

8.4809 

2.78633 

1.63934 

1916.4 

292247 

611 

373321 

228099131 

24.7184 

8.4856 

2.78604 

1.63666 

1919.5 

293206 

612 

374544 

229220928 

24.7386 

8.4902 

2.78675 

1.63399 

1922.7 

294166 

613 

375769 

230346397 

24.7588 

8.4948 

2.78746 

1.63132 

1925.8 

295128 

614 

376096 

231475544 

24.7790 

8.4994 

2.78817 

1.62866 

1928.9 

296092 

615 

378225 

232608375 

24.7992 

8.5040 

2.78888 

1.62602 

1932.1 

297967 

616 

379456 

233744896 

24.8193 

8.5086 

2.78958 

1.62338 

1935.2 

298024 

617 

380689 

234885113 

24.8395 

8.6132 

2.79029 

1.62075 

1938.4 

208092 

618 

381924 

236029032 

24.8696 

8.5178 j 

2.79099 

1.61812 

1941.5 

290962 

619 

383161 

237176659 

24.8797 

8.5224 

2.79169 

1.61551 

1944.6 

300934 

620 

384400 

238328000 

24.8998 

8.6270 

2.79239 

1.61290 

1947.8 

301007 

621 

385641 

239483061 

24.9199 

8.6316 i 

2.79309 

1.61031 

1950.9 

302882 

622 

386884 

240641848 

24.9;»9 

8.5362 1 

2.79379 

1.60772 

1954.1 

303858 

623 

388120 

241804367 

24.0600 

8.5408 

2.79449 

1.60514 

1957.2 

304836 

624 

389376 

242970624 

24.9800 

8.5453 j 

2.79618 

1.60256 

1960.4 

305815 

625 

390625 

244140625 

25.0000 

8..5499 

2.79688 

1.60000 

1963.5 

306796 

626 

> 391876 

245314376 

25.0200 

8.5544 

2.79657 

1.59744 

1966.6 

807779 

627 

393129 

246491883 

25.0400 

8.6590 

2.79727 

1.59490 

1969.8 

308763 

628 

394384 

247673162 

25.0599 

8.5635 

2.79796 

1.59236 

1972.9 

300748 

629 

305641 

248858189 

26.0799 

8.5681 

2.79866 

1.58983 

^76.1 

310736 

630 

396900 

250047000 

25.0998 

8.6726 

2.79934 

1.58730 

1979.2 

311725 

631 

398161 

251239591 

25.1197 

8.5772 

2.80003 

1,58479 

1982.3 

312716 

632 

399424 

' 252435968 

26.1390 

8.6817 

2.80072 

1.58228 

1985.5 

313707 

633 

400089 

253636137 

2^.1595 

8.6862 

2.80140 

1.67978 

1988.6 

314700 

634 

401956 

254840104 

25.1794 

8.6907 

2.80209 

1.57729 

1991.8 

315696 

635 

403225 

256047875 

25.1992 

8.5952 

2.80277 

1.57480 

1994.0 

316602 

636 

404496 

257259456 

25.2190 

8.5997 

2.80346 

l.67^{33 

1908.1 

317690 

637 

405769 

258474853 

25.2389 

8.6043 

2.80414 

1.56986 

2001.2 

318690 

638 

407044 

259694072 

25.2587 

8.6088 

2.80482 

1.56740 

2004.3 

319692 

639 

408321 

260917119 

25.2784 

8.6132 

2.80550 

1.56495 

2007.5 

1 320695 

640 

409600 

262144000 

25.2982 

8.6177 

2.80618 

1.56250 

2010.6 

321690 

641 

410881 

263374721 

25.3180 

8.6222 

2.80686 

1.56006 

2013.8 

322706 

642 

412164 

204600288 

25.3377 

8.6267 

2.80764 

1.55763 

2016.9 

323713 

-643 

413449 

266847707 

26.3574 

8.6312 

2.80821 

1.55521 

2020.0 

324722 

644 

414736 

267089984 

26.3772 

8.6357 

2.80889 

1.55280 

2023.2 

325733 

645 

41*6025 

268336125 

25.3069 

8.6401 

2.80956 

1.55030 

2026.3 

326745 

646 

417316 

269686136 

25.4165 

8.6446 

2.81023 

1.54799 

2029.5 

327750 

647 

418609 

270840023 

25.4362 

8.6490 

2.81090 

1.54560 

2032.6 

328775 

648 

419904 

272097792 

25.4558 

8.6535 

2.81158 

1.54321 

2035.8 

329702 I 

640 

421201 

273359449 

25.4756 

8.6670 

2.81224 

1.54083 

2038.0 

330810 




406 


MATHEMATICAL TABLES 


Functions of Numbebs, 650 to 690 


No. 

Square 

Cube 

Square 

Root 

Cui^ 

Root 

Logarithm 

1000 

Reciprocal 

1 No.=Diameter' 

Circum. 

Area 

660 

422500 

274625000 

25.4951 

8.6624 

2.81291 

1.53846 

2042.0 

331831 

661 

423801 

275894451 

26.5147 

8.6668 

2.81358 

1.53610 

2045.2 

332863 

662 

425104 

277167808 

25.5343 

8.6713 

2.81425 

1.53374 

2048.3 

333876 

663 

426409 

278446077 

26.5639 

8.6767 

2.81491 

1.53139 

2051.5 

334001 

654 

427716 

279726264 

25.5734 

8.6801 

2.81558 

1.5C00S 

2054.6 

33592Z 

655 

429025 

281011375 

25.5930 

8.6845 

2.81624 

1.52672 

2057.7 

336956 

656 1 

430336 

282300416 

25.6125 

8.6890 

2.81690 

1.52439 

2060.9 

337985 

657 

431649 

283593393 

25.6320 

8.6934 

2.81757 

1.52207 

2064.0 

339016 

668 

432064 

284890312 

25.6515 

8.6978 

2.81823 

1.61976 

2067.2 

340049 

669 

434281 

286191170 

25.6710 

8.7022 

2.81889 

1.61745 

2070.3 

341084 

660 

435600 

287496000 

25.6905 

8.7066 

2.81954 1 

1.61516 

2073.6 

342110 

661 

436921 1 

288804781 

25.7099 

8.7110 

2.82020 

1.51286 

2076.6 

343157 

662 

438244 

290117628 

25.7294 

8.7154 

2.82086 1 

1.51067 

2079.7 

344196 

663 

439560 

291434247 

26.7488 

8.7198 ! 

2.82151 1 

1.60830 

2082.9 

345237 

664 

440806 

292754944 

25.7682 

8.7241 1 

2.82217 

1.60602 

2086.0 

346279 

665 

442225 

294079625 

25.7876 

8.7285 

2.82282 

1.50376 

2089.2 

347323 

666 

443556 

295408206 

25.8070 

8.7329 

2.82347 

1.50150 

2092.3 

348368 

667 

444889 

296740963 

25.8263 

8.7373 

2.82413 

1.49925 

2095.4 

349415 

668 

446224 

298077632 

26.8467 

8.7416 

2.82478 

1.49701 

2098.6 

360464 

669 

447561 

209418309 

25.8650 

8.7460 

2.82543 

1.49477 

210L7 

351514 

670 

448000 

300763000 

25.8844 

8.7503 

2.82607 

1.49254 

2104.0 

352565 

671 

450241 

302111711 

26.9037 

8.7647 

2.82672 

1.49031 

2108.0 

353618 

672 

451584 

303464448 

25.9230 

8.7590 

2.82737 

1.48810 

2111.2 

354673 

673 

452929 

304821217 

25.9422 

8.7634 

2.82082 

1.48588 

2114.3 

356730 

674 

454276 

306182024 

25.0615 

8.7677 

2.82866 

1.48368 

2117.4 

356788 

676 

455625 

307646876 

25.0808 

8.7721 

2.82930 

1.48148 

2120.6 

357847 

676 

466976 

308015776 

26.0000 

8.7764 

2.82995 

1.47929 

2123.7 

358908 

677 

458329 

310288733 

26.0192 

8.7807 

2.83059 

1.47710 

2126.9 

359971 

678 

459684 

311666752 

26.0384 

8.7850 

2.83123 

1.47493 

2130.0 

361035 

670 

461041 

,313046839 

26.0676 

8.7893 

2.83187 

1.47275 

2133.1 

362101 

680 

462400 

314432000 

26.0768 

8.7937 

2.83261 

1.47069 

2136.3 

363168 

681 

463761 

315821241 

26.0960 

8.7980 

2.83315 

1.46843 

2139.4 

364237 

682 

465124 

317214568 

26.1161 

8.8023 

2.83378 

1.46628 

2142.6 

365308 

683 

466489 

318011987 

26.1343 

8.8066 

2.83442 

1.46413 

2146.7 

366380 

684 

467866 

320013504 

26.1534 

8.8109 

2.83506 

1.46199 

2148.8 

367453 

686 

469225 

321419125 

26.1726 

8.8152 

2.83569 

1.45986 

2162.0 

368528 

686 

470596 

3228^8856 

26.1916 

8.8194 

2.83632 

1.45773 

2155.1 

369605 

687 

471969 

324242703 

26.2107 

8.8237 

2.83696 

1.45660 

2158.3 

370684 

688 

473344 

326660672 

26.2298 

8.8280 

2.83769 

1.45349 

2101.4 

371764 

689 

474721 

327082769 

1 

26.2488 

8.8323 

2.83822 

1.46138 

2164.6 

372845 

690 

476100 

328609000 

26.2679 

8.8366 

2.83885 

1.44928 

2167.7 

373928 

691 

477481 

320039371 

26.2869 

8.8408 

2.83948 

1.44718 

2170.8 

375013 

602 

478864 

331373888 

26.3059 

8.8451 

2.84011 

1.44509 

2174.0 

376000 

693 

480240 

332812557 

26.3249 

8.8493 

2.84073 

1.44300 

2177.1 

377187 

604 

481636 

1 334255384 

1 26.3439 

8.8536 

2.84136 

1.44092 

2180.3 

378276 

606 

483025 

336702376 

26.3629 

1 8.8578 

I 2.84198 

1.43885 

2183.4 

379367 

606 

484416 

337163636 

26.3818 

1 8.8621 

1 2.84261 

1.43678 

2186.5 

380450 

607 

485800 

338608873 

26.4008 

8.8663 

2.84323 

1.43472 

2180.7 

381553 

608 

487204 

340068392 

26.4197 

8.8706 

2.84386 

1.43266 

2192.8 

382640 

600 

488601) 

341532009 

26.4386 

8.8748 

2.84448 

1.48062 

2106.0 1 

383746 
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Functions op Numbers, 700 to 749 


No. 

Square 

Cube 

%[uare 

Root 

Cubic 

Root 

Logarithm 

1000 

X 

Reciprocal 

No,=aDiamoter 

Circum. 

Area 

700 

490000 

343000000 

26.4575 

8.8790 

2.84510 

1.42857 

2199.1 

384845 

701 

491401 

344472101 

26.4764 

8.8833 

2.84572 

1.42653 

2202.3 

385945 

702 

492804 

345948408 

26.4953 

8.8875 

2.84634 

1.42450 

2205;4 

387047 

703 

494209 

347428927 

26.5141 

8.8917 

2.84696 

1.42248 

2208.5 

388151 

704 

I 495616 

348913664 

26.5330 

8.8959 

2.84757 

1.42045 

2211,7 

389256 

705 

497025 

350402625 

26.5518 

8.9001 

2.84819 

1.41844 

2214.8 

390363 

706 

498436 

351895816 

26.5707 

8.9043 

2.84880 

f.41643 

2218.0 

391471 

707 

499849 

353393243 

26.5895 

8.9085 

2.84942 

1.41443 

2221.1 

392580 

708 

501264 

354894912 

20.6083 

8.9127 

2.85003 

1.41243 

2224.2 

393692 

709 

502681 

356400829 

26.6271 

8.9169 

2.85005 

1.41044 

2227.4 

394805 i 

710 

504100 

357911000 

26.6458 

8.9211 

2.85126 

1.40845 

2230.5 

395919 i 

711 

505521 

359425431 

26.6646 

8.9253 

2.85187 

1.40647 

2233.7 

397036 ; 

712 

506944 

360944128 

26.68.33 

8.9295 

2.85248 

1.40449 

2236.8 

.398153 ! 

713 

508369 

362467097 

26.7021 

8.9337 

2.85309 

1.40252 

2240.0 

399272 ! 

714 

509796 

363994344 

26.7208 

8.9378 

1 2.85370 

1.40056 

2243.1 

1400393 ! 

715 

511225 

365525875 

26.7,395 

8.9420 

2.85431 

1.39860 

2246.2 

401515 i 

716 

512656 

367061696 

26.7582 

8.9462 

2.85491 

1.39665 

2249.4 

402639 . 

717 

514089 

368601813 

26.7769 

8.9503 

2.85552 

1.39470 

2252.5 

403765 1 

718 

515524 

370146232 

26.7955 

8.9.545 

2.8.5612 

1.39276 

2255.7 

404892 1 

719 

516961 

371694959 

20.8142 

8.9587 

2.85673 

1.39082 

2258.8 

406020 1 

720 

518400 

373248000 

26.8328 

8.9628 

2.85733 

1.38889 

2261.9 

407150 ! 

721 

519841 

374805361 

26.8514 

8.9670 

2.85794 

1.38696 

2265,1 

408282 1 

722 

621284 

376367048 

26.8701 

8.9711 

2.85854 

1.38504 

2268.2 

409415 i 

723 

622729 

377933067 

26.8887 

8.9752 

2.85914 

1.38313 

2271.4 

410550 i 

724 

524176 

379503424 

26.9072 

8.9794 

2.85974 

1.38122 

2274.5 

411687 S 

725 

525625 

381078125 

26.9258 

8.9835 

2.86034 

1.37931 

2277.7 

412825 ! 

726 

627076 

382667176 

26.9444 

8.9876 

2.86094 

1.37741 

2280.8 

413966 ! 

727 

628529 

384240583 

26.9629 

8.9918 

2.861,53 

1.37552 

2283.9 

415106 i 

728 

529984 

385828352 

26.9815 

8.9959 

2.86213 

1., 37.363 

2287.1 

410248 

729 

531441 

387420489 

27.0000 

9.0000 

2.86273 

1.37174 

:^90.2 

417393 

730 

632900 

389017000 

27.0185 

9.0041 

2.86332 

1.36986 

2293.4 

418539 

731 

534361 

390617891 

27.0370 

9.0082 

2.86392 

1.36799 

2296.5 

419686 

732 

535824 

392223108 

27.05.55 

9.()123 

2.86451 

1.36612 

2299.6 

420835 

733 

637289 

39.3832837 

27.0740 

9.0164 

2.86510 

1.36426 

2302.8 

421986 

734 

638756 

395446904 

27.0924 

9.0205 

2.86570 

1.36240 

2,305.9 

423138 

736 

540225 

397065375 

27.1109 

9.0246 

2.86629 

1.36054 

2309.1 

424293 

736 

541690 

398688250 

27.1293 

9.0287 

2.86688 

1.35870 

2312.2 

425447 

737 

543169 

400315553 

27.1477 

9.0328 

2.86747 

1.35685 

2315.4 

426604 

738 

544644 

401947272 

27.1662 

9.0369 

2.86806 

1.35501 

2318.5 

427762 

739 

546121 

403583419 

27.1846 

9.0410 

2.86864 

1.35318 

2321.6 

428922 

740 

547600 

405224000 

27.2029 

9.0450 

2.86923 

1.35135 j 

2324.8 

430084 

741 

549081 

400869021 

27.2213 

9.0491 

2.86982 

1.34953 j 

2327.9 

431247 

742 

550564 

408518488 

27.2397 

9.0532 

2.87040 

1.34771 ! 

2331.1 

432412 

743 

552049 

410172407 

27.2580 

9.0572 

2.87099 

1.34590 

2334.2 

433578 

744 

553536 

411830784 

27.2764 

9.0613 

2.87157 

1.34409 

2337.3 

434746 

746 

555025 

413493625 

27.2947 

9.0654 

2.87216 

1.34228 

2340.6 

435916 

746 

566516 

415160936 

27.3130 

9.0694 

2.87274 

1.34048 

2343.6 

437087 

747 

558009 

416832723 

27.3313 

0.0735 

2.87332 

1.33869 

2346.8 

438269 

748 

559504 

418508992 

27.3496 

9.0775 

2.87,300 

1.33690 

2349.9 

439438 

749 

561001 

420189749 

27.3679 

9.0816 

2.87448 

1.33511 

2353.1 

440600 




MATHEMATICAL TABLES 


Functions of Numbers, 750 to 799 1 

[ i 


No. 

Square 

Cube 

%uare 

Root 

Cubic 

Root 

Logarithm 

1000 

No.=DiaJneter 

X 

Reciprocal 

Ciroum. 

Area 

760 

662600 

421875000 

27.3801 

9.0860 

2.87606 

1., 33333 

2356.2 

441786 

761 

664001 

423504751 

27.4044 

9.0896 

2.87664 

1.33166 

2359.3 

442965 

762 

665504 

426269008 

27.4226 

9.0937 

2.87622 

1.32979 

2362.6 

444146 

763 

667009 

426957777 

27.4408 

9.0977 

2.87680 

1.32802 

2.365.6 

445328 

764 

668516 

428661064 

27.4591 

9.1017 

2.87737 

1.32626 

2368.8 

446611 

766 

670025 

430368875 

27.4773 

9.1067 

2.87795 

1.32450 

2371.9 

447697 

766 

671536 

4320812f6 

27.4955 

9.1098 

2.87852 

1.32275 

2375.0 

448883 

767 

1 673049 

1 433798093 

27.5136 

9.11.38 

2.87910 

1.32100 

2378.2 

450072 

768 

I 674664 

435519612 

27.6318 

9.1178 

2.87967 

1.31926 

2381.3 

451262 

769 

676081 

437246479 

27.6600 

9.1218 

2.88024 

1.31762 

2384.6 

452453 

760 

677600 

438976000 

27.6681 

9.1268 

2.88081 

1.31579 

2387.6 

453646 

761 

679121 

440711081 

27.5862 

9.1298 

2.881.38 

1.31406 

2390.8 

464841 

762 

580644 

i 442460728 

27.6043 

9.1.338 

2.88196 

1.31234 

2393.9 

456037 

763 

682169 

1 444194947 

27.6225 

9.1378 

2.88252 

1.31062 

2397.0 

457234 

764 

683696 

445943744 

27.6405 

9.1418 

2.88309 

1.30890 

2400.2 

458434 

766 

685226 

447697125 

27.6586 

9 14.58 

2.88366 

1.30719 

2403.3 

459635 

766 

686766 

449456096 

27.6767 

9.1498 

2.88423 

1.30648 

2406.5 

460837 

767 

688289 

451217663 

27.6948 

9.1637 

2.88480 

1.30378 

2409.6 

462041 

708 

689824 

462984832 

27.7128 

9.1577 

2.88536 

1.30208 

2412.7 

463247 

769 

691361 

454760609 

27.7308 

9.1617 

2.88693 

1.30039 

2416.9 

464454 

770 

692900 

456633000 

' 27.7489 

9.1067 

2.88649 

1.29870 

2419.0 

465663 

771 

694441 

458314011 

; 27.7669 

9.1696 

2.88705 

1.29702 

2422.2 

466873 

772 

695984 

460099648 

27.7849 

9.1736 

2.88762 

1.29634 

2425.3 

468085 

773 

697529 

461889917 

27.8029 

9.1775 

2.88818 

1.29366 

2428.5 

469298 

774 

699076 

463684824 

27.8209 

9.1816 

2.88874 

1.29199 

2431.6 

470613 

776 

600626 

465484376 

27.8388 

9,1866 

2.88930 

1.29032 

2434.7 

471730 

776 

602176 

467288676 

27.8668 

9.1894 

2.88986 

1.28866 

2437.9 

472948 

777 

603729 

469097433 

27.8747 

9.1933 

2.89042 

1.28700 

2441.0 

474168 

778 

605284 

470910962 

27.8927 

9.1973 

2.89098 

1.28635 

2444.2 

476389 

779 

606841 

^472729139 

27.9106 

9.2012 

2.80164 

1.28370 

2447.3 

476612 

780 

608400 

474662000 

27.9286 i 

9.2052 

2.89209 

1.28205 

2450.4 

477836 

781 

609961 

476379641 

27.9464 

9.2091 

2.89266 

1.28041 

2453.6 

479062 

782 

611624 

478211768 

27.9643 

9.21.30 

2.89321 

1.27877 

2456.7 

480290 

783 

613089 

480048687 

27.9821 

9.2170 

2.89376 

1.27714 

2459.9 

481619 

784 

614666 

481890304 

28.0000; 

9.2200 

2.89432 

1.27651 

2463.0 

482760 

786 

616225 

483736626 

28.0179 

9.2248 

2.89487 

1.27389 

2466.2 

483982 

786 

617796 

4866^7666 

28.0357 

9.2287 

2.89642 

1.27226 

2469.3 

485216 

787 

619369 

487443403 

28.0536 

9.2326 

2.89697 

1.27066 

2472.4 

486451 

788 

620944 

489303872 

28.0713 

9.2366 

2.896.53 

1.26904 

2476.6 

487688 

789 

622621 

401169069 

28.0891 

9.2404 

2.80708 

1.26743 

2478.7 

488927 

790 

624100 

493039000 

28.1069 

9.2443 

2.89763 

1.26682 

2481.9 

490167 

791 

626681 

494013671 1 

28.1247 

9.2482 

2.89818 

1.26422 

2485.0 

491409 

792 

627264 

496793088 

28.1425 

9.2621 

2.89873 

1.26263 

2488.1 

492662 

793 

628849 

498677267 

28.1603 

9.2560 

2.89927 

1.26103 

2491.3 

493897 

794 

630436 

6006661841 

28.1780 

9.2699 

2.89982 

1.26946 

2494.4 

496143 

706 

632026 

602460876 

28.1957 

9.2638 

2.90037 

1.26786 

2497.6 

496391 

796 

633616 

504358336 

28.2136 

9.2677 

2.90091 

1.25628 

2600.7 

497641 

797 

636209 

606261673 

28.2312 

9.2716 

2.90146 

1.26471 

2603.8 

498892 

7081 

636804 

608160602 

28.2489 

9.2764 

2.90200 

1.26313 

2507.0 

600146 

7001 

638401 

610082309 

28.2666 

9.2793 

2.90256 

1.26166 

2510.1 

601399 
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Fttnctions of Numbers, 800 to 849 


No. 

Square 

Cube 

Square j 

Cubic 

R^t 

Logarithm 

1000 

X 

Reciprocal 

1 No.=:Diameter 

Circum. 

Area 

800 

640000 

512000000 

28.2843 

9.28.32 

2.90309 

1.25000 

2513.3 

502655 

801 

641601 

513922401 

28.3019 

9.2870 

2.90363 

1.24844 

2616.4 

503912 

802 

643204 

515849608 

28.3196 

9.2909 

2.90417 

1.24688 

2519.6 

506171 

803 

644809 

517781627 

28.3373 

0.2948 

2.90472 

1.24633 

2522.7 

506432 

804 

646416 

619718464 

28.3649 

9.2986 

2.90526 

1.24378 

2525.8 

607694 

805 

648025 

521660125 

28.3725 

9..3025 

2.90580 

1.24224 

2529.0 

508958 

806 

649636 

623606616 

28.3901 

9.3063 

2.90634 

l»240a9 

2632.1 

510223 

807 

651249 

625567943 

28.4077 

9.3102 

2.90087 

1.23916 

2535.3 

611490 

808 

652864 

627614112 

28.4253 

9.3140 

2.90741 

1.23762 

2.538.4 

512758 

809 

654481 

529475129 

28.4429 

9.3179 

2.90795 

1.23609 

2541.5 

514028 

810 

656100 

531441000 

28.4606 

9.3217 

2.90849 

1.23457 

2544.7 

515300 

811 

657721 

633411731 : 

28.4781 j 

9.32.56 

2.90902 

1.23305 

2547.8 

616573 

812 

659344 

635387328! 

28.4956^ 

9.3294 

2.90956 

1.23153 

2561.0 

517848 

813 

660969 

637367797 

28.5132 ! 

9.3332 

2.91009 

1.23001 

2554.1 

519124 

814 

662596 

539353144 

28.5307 

9.3370 

2.01062 

1.22860 

2567.3 

520402 

815 

664225 

641343375 

28.5482 

9.3408 

2.91116 

1.22699 

2560.4 

621681 

816 

605856 

643338496 

28.5657 

0,:i447 

2.91169 

1.22549 

2563.5 

522962 

817 

667489 

545338613 

28.5832 

9.3485 

2.91222 

1.22399 

2666.7 

524245 

818 

669124 

647343432 

28.6007 

9.3523 

2.91276 

1.22249 

2569.8 

525529 

819 

670761 

549353259 

28.6182 

9.3561 

2.91328 

1.22100 

2673.0 

526814 

820 

672400 

551368000 

28.6356 

9.3599 

2.91381 

1.21951 

2576.1 

528102 

821 

674041 

653387661 1 

28.6531 

9.3637 

2.91434 

1.21803 

2579.2 

529391 

822 

675684 

656412248 

28.6705 

9.3675 

2.91487 

1.21655 

2582.4 

530681 

823 

677329 

667441767 

28.6880 

9.3713 

2.91540 

1.21607 

2585.5 

531973 

824 

678976 

559476224 

28.7054 

9.3751 

2.91593 

1.21369 

2588.7 

533267 

825 

680625 

561516625 

28.7228 

9.3789 

2.91645 

1.21212 

2591.8 

534562 

826 

682276 

563559976 

28.7402 

9.3827 

2.91698 

1.21065 

2595.0 

535858 

827 

683920 

565609283 

28.7576 

0.3865 

2.91751 

1.20919 

2598.1 

537157 

828 

685584 

567663552 

28.7750 

9.3902 

2.91803 

1.20773 

2601.2 

538456 

829 

687241 

569722789 

28.7924 

0.3940 

2.91855 

1.20627 

2^.4 

539758 

830 

688900 

571787000 

28.8097 

9.3978 

2.91908 

1.20482 

2607.6 

541061 

831 

690561 

573866191 

28.8271 

9.4010 

2.91960 

1.20337 

2610.7 

542365 

832 

692224 

575930368 

28.8444 

9.4053 

2.92012 

1.20192 

2613.8 

543671 

833 

693880 

678009537 

28.8617 

9.4091 

2.92065 

1.20048 

2616.9 

544979 

834 

695556 

580093704 

28.8791 

9.4120 

2.92117 

1.19904 

2020.1 

546288 

835 

697225 

582182875 

28.8964 

9.4166 

2.92169 

1.19760 

2623.2 

547599 

830 

698896 

584277056 

28.9137 

9.4204 

2.02221 

1.19(U7 

2626.4 

548912 

837 

700569 

586376263 

28.9310 

9.4241 

2.92273 

1.19474 

2629.5 

550226 

838 

702244 

588480472 

28.9482 

9.4279 

2.92324 

1.19332 

2632,7 

551541 

839 

703921 

690689719 

28.9655 

9.4316 

j 2.92376 

1.19190 

2635.8 

552858 

840 

705600 

592704000 

28.9828 

9.4354 

2.02428 

1.19048 

2638.9 

554177 

841 

707281 

694823321 

29.0000 

9.4391 

2.02480 

1.18906 

2642.1 

555497 

842 

708964 

596947688 

29.0172 

9.4429 

2.92531 

1.18765 

2645.2 

556819 

843 

710640 

699077107 

29.0345 

9.4466 

2.92583 

1.18624 

2648.4 

558142 

844 

712336 

601211584 

29.0517 

9.4503 

1 2.92634 

1.18483 

2651.5 

559467 

845 

714025 

603351125 

29.0689 

9.4541 

I 2.92686 

1.18343 

2654.6 

560794 

846 

715716 

605495736 

29.0861 

9.4578 

I 2.92737 

1.18203 

2657.8 

562122 

847 

717409 

607645423 

29.1033 

9.4615 

2.92788 

1.18064 

2660.9 

563452 

848 

710104 

609800192 

29.1204 

6,4652 

2.92840 

1.17925 

2664.1 

564788 

840 

730801 

611060049 

29.1376 

9.4690 

2.92801 

1.17786 

2667.2 

566110 
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Functions of 

Ntjmbebs, 850 TO 899 

No. 

Square 

Cube 

Square 

Bmt 

Cubic 

Logarithm 

1000 

X 

Reciprocal 

No.=Diameter 

Ciroum. 

Area 

850 

722500 

614125000 

29.1648 

9.4727 

2.92042 

1.17647 

2670.4 

567450 

851 

724201 

616295051 

29.1719 

9.4764 

2.92993 

1.17509 

2673.5 

568786 

852 

725904 

618470208 

29.1890 

9.480-1 

2.93044 

1.17371 

2676.6 

570124 

853 

727609 

620650477 

29.2062 

9.4838 

2.0.3095 

1.17233 

2670.8 

571463 

854 

729316 

622835864 

29.2233 

9.4875 

2.03146 

1.17096 

2682.9 

572803 

855 

731025 

625026375 

20.2404 

9.4912 

2.93197 

1.16959 

2686.1 

574146 

856 

732736 

627222016 

29.2575 

9.4949 

2.93247 

1.16822 

2689.2 

575490 

857 

734440 

629422793 

29.2746 

9.4986 

2.93298 

1.16686 

2692.3 

576835 

858 

736164 

631628712 

29.2916 

9.5023 

2.93349 

1.16550 

2695.5 

578182 

850 

737881 

633839779 

29.3087 

9.5060 

2.93399 

1.16414 

2698.6 

579530 

860 

739600 

636056000 

29.3258 

9.5097 

2.93450 

1.16279 

2701.8 

580880 

861 

741321 

638277381 

29.3428 

9.6134 

2.93500 

1.16144 

2704.9 

582232 

862 

743044 

640503928 

29.3598 

9.6171 

2.93551 

1.10009 

2708.1 

583585 

863 

744760 

642735647 

29.3769 

9.5207 

2.93001 

1.15875 

2711.2 

584940 

864 

746496 

644972644 

29.3939 

9.5244 

2.9.3651 

1.15741 

2714.3 

586207 

865 

748225 

647214625 

29.4100 

9.6281 

2.93702 

1.15607 

2717.5 

587655 

866 

749056 

640461806 

29.4279 

9.5317 

2.93752 

1.15473 

2720.6 

589014 

867 

751689 

651714363 

29.4449 

9.6354 

2.93802 

1.15340 

2723.8 

590375 

868 

753424 

653972032 

29.4618 

9.6391 

2.93852 

1.15207 

2726.9 

591738 

869 

756161 

656234909 

29.4788 

9.5427 

2.93902 

1.15075 

2730.0 

593102 

870 

756900 

658503000 

29.4958 

9.5464 

2.93952 

1.14943 

2733.2 

594468 

871 

758641 

660776311 

29.6127 

9.5501 

2.04002 

1.14811 

2736.3 

595835 

872 

760384 

663054848 

29.5296 

9.6537 

2.94052 

1.14679 

2739.5 

597204 

873 

762120 

665338617 

29.5466 

9.5574 

2.94101 

1.14548 

2742.6 

598575 

874 

763876 

667627624 

29.6636 

9.5610 

2.94151 

1.14416 

2745.8 

699947 

875 

766625 

669921875 

29.5804 

9.6647 

2.94201 

1.14286 

2748.9 

601320 

876 

767376 

672221376 

20.5973 

0.5683 

2.94250 

1.14155 

2752.0 

602696 

877 

769129 

674526133 

29.6142 

9.5719 

2.94300 

1.14025 

2755.2 

604073 

878 

770884 

676836152 

29.6311 

9.6756 

2.94340 

1.13895 

2758.3 

605451 

870 

772641 

679151439 

29.6479 

0.5792 

2.94399 

1.13706 

2761.5 

606831 

880 

774400 

681472000 

29.6648 

9.6828 

2.94448 

1.13636 

2704.6 

608212 

881 

776161 

683797841 

29.6816 

9.5865 

2.94498 

1.13507 

2767.7 

609595 

882 

777924 

686128968 

29.6985 

9.590i 

2.94547 

1.13379 

2770.9 

610980 

883 

779689 

688465387 

29.7163 

9.5937 

2.94596 

1.13250 

2774.0 

612366 

884 

781456 

690807104 

29.7321 

9,6973 

2.94645 

1.13122 

2777.2 

613754 

885 

783225 

693154125 

20.7489 

9.6010 

2.94694 

1.12994 

2780.3 

615143 

886 

784996 

695506456 

29.7658 

9.6040 

2.94743 

1.12867 

2783.5 

616534 

887 

786769 

697864103 

29.7825 

9.6082 

2.94792 

1.12740 

2786.6 

617927 

888 

788544 

700227072 

20.7093 

9.6118 

2.94841 

1.12613 

2789.7 i 

610321 

880 

700321 

702595369 

29.8161 

8.6154 

2.94890 

1.12486 

2792.0 

020717 

800 

792100 

704960000 

20.8320 

9.6190 

2.94939 

1.12360 

2796.0 

622114 

801 

793881 

707347971 

29.8406 

9.6226 

2.94088 

1.12233 

2799.2 

623513 

802 

795664 

709732288 

20.8664 

9.6262 

2.95036 

1.12108 

2802.3 

624913 

893 

797449 

712121967 

20.8831 

9.6208 

2.95085 

1.11982 

2805.4 

626315 

804 

700236 

714616084 

29.8998 

0.6334 

2.95134 

1.11857 

2808.6 

627718 

805 

801025 

716017376 

29.9166 

9,6370 

2.95182 

1.11782 

2811.7 

629124 

896 

802816 

719323136 

20.9333 

9.6406 

2.95231 

1.11607 

2S14.9 

630530 

807 

804600 

721734273 

29.0500 

9.6442 

2.95279 

1.11483 

2818.0 

631038 

808 

800404 

724150702 

20.0666 

9.6477 

2.95328 

1.11850 

2821.2 

633848 

800 

808201 

726572600 

20.0833 

9.6513 

2.05376 

1.11285 

2824.3 

634760 
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Functions of Numbers, 900 to 949 


No. 

Square 

Cube 

Square 

Cubic 

lioot 

Logarithm 

1000 

Reciprocal 

1 No.^sDiametcr 

Circum. 

Area 

900 

810000 

729000000 

30.0000 

9.6549 

2.95424 

1.11111 

2827.4 

636173 

901 

811801 

731432701 

30.0167 

9.6585 

2.05472 

1.10988 

2830.6 

637587 

902 

813604 

733870808 

30.0333 

.9.6620 

2.95521 

1.10865 

2833.7 

639003 

903 

815409 

736314327 

30.0500 

9.6656 

2.95569 

1.10742 

2836.9 

640421 

904 

817216 

738763264 

30.0666 

9.6692 

2.95617 

1.10619; 

2840.0 

641840 

905 

819025 

741217625 

30.0832 

9.0727 

2.95665 

1.10497 

2843.1 

643261 

906 

820830 

743677416 

30.0998 

9.6763 

2.96713 

1.10375 

2846.3 

644683 

007 

822649 

746142613 

30,1164 

9.6799 

2.95761 

1.10254 

2849.4 

646107 

908 

824464 

748613312 

30.1330 

9.6834 

2.95800 

1.10132 

2852.6 

647533 

909 

826281 

751089429 

30.1496 

9.6870 

2,95866 

1.10011 

2855.7 

648960 

910 

828100 

753571000 

30.1662 

9.6905 

2.95904 

1,09890 

2868.8 

650388 

911 

829921 

756058031 

30.1828 

9.6941 

2.95952 

1.09769 1 

2862.0 

651818 

912 

831744 

758650528 

30.1993 

9.6976 

2.95999 

1.09649 

2865.1 

65.3260 

913 

833569 

761048497 

30.2159 

9.7012 

2.96047 

1.09529 

2868.3 

654684 

914 

835396 

763551944 

30,2324 

0.7047 

2.96095 

1.09409 

2871.4 

656118 

915 

837225 

766060875 

30.2490 

9.7082 

2.96142 

1.09290 

2874.6 

657655 

610 

839056 

768576296 

30.2655 

9.7118 

2.96190 

1.09170 

2877.7 

658993 

917 

840889 

771096213 

30.2820 

9.7163 

2.96237 

1.09051 

2880.8 

060433 

918 

842724 

773620632 

30.2985 

9.7188 

2.96284 

1.08932 

2884.0 

661874 

919 

844561 

776151559 

30.3150 

9.7224 

2.96332 

1.08814 

2887.1 

663317 

920 

846400 

778688000 

30.3315 

9.7269 

2.96379 

1.08696 

2890.3 

664761 

921 

848241 

781229961 

30.3480 

9.7294 

2.96426 

1.08578 

2893.4 

666207 

922 

850084 

783777448 

30.3645 

9.7329 

2.96473 

1.08460 

2896.5 

667654 

923 

851929 

786330467 

30.3809 

9.7364 

2.96520 

1.08342 

2899.7 

669103 

924 

853776 j 

788889024 

30.3974 

9.7400 

2.96667 

1.08226 

2902.8 

670554 

925 

855625 

791453125 

30.4138 

9.7436 

2.96614 

1.08108 

2906.0 

672006 

920 

857476 

794022776 

30.4302 

9.7470 

2.96661 

1.07991 

2909.1 

673460 

927 

859329 

796597983 

30.4467 

9.7505 

2,96708 

1.07875 

2912.3 

674915 

928 

861184 

799178752 

30.4631 

9.7540 

2.96755 

1.07759 

2915.4 

676372 

929 

863041 

801765089 

30.4795 

9.7575 

2.96802 

1.07643 

2918.5 

t 

677831 

930 

864900 

804357000 

30.4969 

9.7610 

2.96848 

1.07527 

2921.7 

679291 

931 

866761 

806954491 

30.5123 

9.7645 

2.96895 

1,07411 

2924.8 

680752 

932 

868624 

809557568 

30.5287 

9.7680 

2.96942 

1.07206 

2928.0 

682216 

933 

870489 

812166237 

30,6460 

9.7715 

2.96988 

1.07181 

2931.1 

683680 

934 

872356 

814780604 

30.5614 

9.7760 

2.97035 

1.07066 

2934.2 

685147 

935 

874225 

817400375 

30.6778 

9.7785 

2.97081 

1.06952 

2937.4 

686615 

936 

876096 

820025856 

30.5941 

9.7819 

2.97128 

1.06838 

2940.5 

688084 

937 

877969 

822656953 

30.6105 

9.7854 

2.97174 

1.06724 

2943.7 

689555 

938 

879844 

826293672 

30.0268 

9.7889 

2.97220 

1.06610 

2940.8 

691028 

939 

881721 

827936019 

30.6431 

9.7924 

2.97267 

1.06496 

2950.0 

692502 

940 

883600 

830584000 

30.6594 

[ 9.7959 

2.97313 

1.06383 

2953.1 

693978 

941 

885481 

833237621 

30.6767 

9.7993 

2.97359 

1.06270 

2956.2 

695455 

942 

887364 

835896888 

30.6920 

9.8028 

2.97405 

1.06157 

2959.4 

696934 

943 

889249 

838561807 

30.7083 

! 9.8063 

2.97451 

1.06045 

2962.5 

698415 

944 

891136 

841232384 

1 30.7246 

9.8097 

2.97497 

1.05932 

2965.7 

699897 

946 

893025 

843908625 

30.7409 

9.8132 

2.97543 

1.05820 

2968.8 

701380 

646 

894916 

846500536 

30.7571 

9.8167 

! 2.97589 

1.05708 

2971.9 

702865 

947 

896809 

i 849278123 

30.7734 

9.8201 

2.97635 

1.05597 

2975.1 

704852 

948 

898704 

851971392 

30.7896 

9.8236 

2.97681 

1.05485 

2978.2 

705840 

949 

900601 

854670349) 

30.8058 

9.8270 

2.97727 

1.05374 

2981.4 

707880 
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Functions op Numbers, 950 to 999 


No. 

Square 

Cube 

Square 

Root 

Cul^ 

Root 

Logarithm 

1000 

X 

Reciprocal 

No. == Diameter 

Circum. 

Area 

050 

902600 

857375000 

30.8221 

9.8306 

2.97772 

1.05263 

2984.5 

708822 

961 

004401 

860086351 

30.8383 

9.8339 

2.97818 

1.06162 

2987.7 

710315 

062 

906304 

862801408 

30.8645 

9,8374 

2.97864 

1.05042 

2990.8 

711809 

063 

008209 

866523177 

30.8707 

9.8408 

2.97909 

1.04932 

2993.9 

713306 

964 

910116 

868250664 

30.8869 

1 9.8443 

2.97965 

1.04822 

2997.1 

714803 

065 

912025 

870983875 

30.9031 

1 9.8477 

2.98000 

1.04712 

3000.2 

716303 

956 

913936 

873722813 

30.9192 

9.8511 

2.98046 

1.04603 

3003.4 

717804 

057 

915849 

876467493 

30.9354 

! 9.8546 

2.98091 

1.04493 

3006.5 

719306 

958 

917764 

879217912 

30.9516 

9.8580 

2.98137 

1.04384 

3009.6 

720810 

959 

019681 

881974079 

30.9077 

9.8614 

2.98182 

1.04275 

3012.8 

722316 

960 

921600 

884736000 

30.9839 

9.8648 

2.98227 

1.04167 

3016.9 

723823 

961 

923621 

887603681 

31.0000 

9.8683 

2.98272 

1.04058 

3019.1 

725332 

962 

025444 

890277128 

31.0161 

9.8717 

2.98318 

1.03950 

3022.2 

726842 

963 

927369 

893056347 

31.0322 

9.8751 

2.98363 

1.03842 

.3025.4 

728354 

964 

92929() 

895841344 

31,0483 

9.8785 

2.98408 

1.03734 

3028.5 

729867 

965 

931225 

898632125 

31.0644 

9.8819 

2.98453 

1.0.3627 

.3031.6 

731382 

966 

933156 

901428696 

31.0805 

9.8854 

2.98498 

1.03620 

3034.8 

732899 

967 

035080 

904231063 

31.0966 

9.8888 

2.98543 

1.0.3413 

3037.9 

734417 

968 

937024 

907039232 

31.1127 

9.8922 

2.98588 

1.03306 

3041.1 

735937 

969 

938961 

909853209 

31.1288 

9.8956 

2.98632 

1.03199 

.3044.2 

1 737458 

970 

940900 

912673000 

31.1448 

0.8990 

2.98677 

1.0309.3 

3047.3 

738981 

971 

942841 

9164986 U 

31.1609 

9.9024 

2.98722 

1.02987 

.30.60.5 

740506 

972 

944784 

918330048 

31.1769 

9.9058 

2.98767 

1.02881 

.30.')3.6 

742032 

973 

946729 

921167317 

31.1929 

9.9092 

2.98811 

1,02775 

3056.8 

743569 

974 

948676 

924010424 

31.2090 

9.9126 

2.98856 

1.02669 

3059.9 

745088 

976 

960626 

926869375 

31.2260 

9.9160 

2.98900 

1.02564 

3063.1 

746619 

076 

962576 i 

929714176 

31.2411) 

9.9194 

2.98945 

1.02459 

3066.2 

748161 

977 

954629 

032574833 

31.2670 

9.9227 

2.98989 

1.02354 

3069.3 

749685 

978 

966484 

936441352 

31.2730 

9.9201 

2.99034 

1.02249 

3072.5 

751221 

079 

968441 

938313739 

t 1 

31.2890 

9.9295 

2.99078 

1.02145 

3075.6 

752768 

080 

960400 

941192000 

31.3060 

9.9329 

2.99123 

1.02041 

3078.8 

754296 

981 

962361 

944076141 

31.3209 

9.9363 

2.99167 

1.01937 

3081.9 

7.55837 

082 

964324 1 

046966168 

31.3369 

9.9396 

2.99211 1 

1.01833 

3086.0 

767378 

983 

966289 1 

949862087 

31.3628 

9.9430 

2.99255 

1.01729 

3088.2 

758922 

984 

968256 

952763904 

31.3688 

9.9464 

2.99300 

1.01626 

3091.3 

760466 

086 

970225 

056671625 

31.3847 

9.9497 

2.99344 

1.01623 

3094.5 

762013 

986 

972106 

05858^256 

31.4006 

9.9531 

2.99388 

1.01420 

3097.6 

763661 

987 

974160 

961604803 

31.4166 

9.9566 

2.99432 

1.01317 

3100.8 

765111 

088 

076144 

964430272 

31.4325 

9.9598 

2.99476 

1.01215 1 

3103.9 

766662 

989 

078121 

967361669 

31.4484 

9.9632 

2.99620 

1.01112 

3107.0 

768214 

900 

080100 

970299000 

31.4643 

9.9666 

2.99564 

1.01010 

3110.2 

769769 

991 

082081 

973242271 

31.4802 

9.9699 

2.99607 

1.00908 

3113.3 

771326 

092 

984064 

976191488 

31.4960 

9.9733 

2.99651 

1.00806 

3116.5 

772882 

903 

086049 

979146657 

31.5119 

9.9766 

2.99695 

1.00705 

3119.61 

774441 

904 

088036 

982107784 

31.6278 

9.9800 

2.99739 

1.00604 

3122.7 1 

776002 

006 

090025 

985074875 

31.5436 

9.9833 

2.99782 

1.00503 

3125.9 

777664 

096 

092016 

988047936 

31.5595 

9.9866 

2.99826 

1.00402 

3129.0 

779128 

997 

994009 

991026973 

31.6763 

9.9900 

2.99870 

1.00301 

3132.2 

780693 

908 

096004 

994011992 

31.5911 

9.9933 

2.99913 

1.00200 

3135.3 

782260 

909 

998001 

997002909 

31.6070 

9.9967 

2.99957 

1.00100 

3138.5 

783828 
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Natural Trigonometric Functions 


1 

SINES 

1 

0' 

10' 

20' 

30' 

40' 

60' 

60' 

0 

0.00000 

0.00291 

0.00582 

0.00873 

0.01164 

0.01454 

0.01745 

89 

1 

0.01745 

0.02036 

0.02327 

0.02618 

0.02908 

0.03199 

0.03490 

88 

2 

0.03400 

0.03781 

0.04071 

0.04362 

0.04653 

0.04943 

0.05234 

87 

3 

0.05234 

0.05624 

0.05814 

0.06105 

0.06395 

0,06685 

0.06976 

86 

4 

0.06976 

0.07266 

0.07566 

0.07846 

0.08136 

0.08426 

0.08716 

85 

5 

0.08710 

0.09005 

0.09295 

0.09585 

0.09874 

0.10164 

0.10453 

84 

6 

0.10453 

0.10742 

0.11031 

0.11320 

0.11609 

0.11898 

0.12187 

83 

7 

0.12187 

0.12476 

0.12764 

0.13063 

0.13341 

0.13629 

0.13917 

82 

8 

0.13917 

0.14205 

0.14493 

0.14781 

0.15069 

0.15356 

0.16643 

81 

9 

0.15643 

0.15931 

0.16218 

0.16505 

0.16792 

0.17078 

0.17365 

80 

10 

0.17365 

0.17651 

0.17937 

0.18224 

0.18509 

0.18795 

0.19081 

79 

11 

0.19081 

0.19366 

0.19652 

0.19937 

0.20222 

0.20507 

0.20791 

78 

12 

0.20791 

0.21076 

0.21360 

0.21644 

0.21928 

0.22212 

0.22495 

77 

13 

0.22405 

0.22778 

0.23062 

0.23345 

0.23627 

0.23910 

0.24192 

76 

14 

0.24192 

0.24474 

0.24766 

0.2.5038 

0.25320 

0.25601 

0.25882 

75 

15 

0.25882 

0.26163 

0.26443 

0.26724 

0.27004 

0.27284 

0.27664 

74 

16 

0.27564 

0.27843 

0.28123 

0.28402 

0.28680 

0.28959 

0.29237 

73 

17 

0.29237 

0.29616 

0.29793 

0.30071 

0.30348 

0.30625 

0.30902 

72 

18 

0.30902 

0.31178 

0.31454 

0.31730 

0..32006 

0.32282 

0.32657 

71 

10 

0.32557 

0.32832 

0.33106 

0.33381 

0.33655 

0.33929 

0.34202 

70 

20 

0.34202 

0.34475 

0.34748 

0.35021 

0.35293 

0.36565 

0.36837 

69 

21 

0.35837 

0.36108 

0.36379 

0.36650 

0.36921 

0.37191 

0.37461 

68 

22 

0.37461 

0.37730 

0.37999 

0.38268 

0.38537 

0.38805 

0.39073 

67 

23 

0.39073 

0.39341 

0.39608 

0.39876 

0.40142 

0.40408 

0.40674 

66 

24 

0.40674 

0.40930 

0,41204 

0.41469 

0.41734 

0.41998 

0.42262 

65 

25 

0.42262 

0.42525 

0.42788 

0.43051 

0.43313 

0.43575 

0.43837 

64 

26 

0.43837 

0.44098 

0.44359 

0.44620 

0.44880 

0.45140 

0.45399 

63 

27 

0.45399 

0.46658 

0.46917 

0.46175 

0.46433 

0.46690 

0.46947 

62 

28 

0.46947 

0.47204 

0.47460 

0.47716 

0.47971 

0.48226 

0.48481 

61 

20 

0.48481 

0.48736 

0.48989 

0.49242 

0.49495 

0.49748 

0.50000 

60 

30 

0.50000 

0.50252 

0.60603 

0.50754 

0.61004 

0.61254 

0.51504 

59 

31 

0.51504 

0.51763 

0.52002 

0.52250 

0.52408 

0.62745 

0.52992 

58 

32 

0.52992 

0.53238 

0,53484 

0.53730 

0.63975 

0.54220 

0.54464 

57 

33 

0,64464 

0.54708 

0.54951 

0.65194 

0.55436 

0,65678 

0.55919 

66 

34 

0,66919 

0.56160 

0.56401 

0.56641 

0.56880 

0.57119 

0.67368 

55 

35 

0.67368 

0.57596 

0.67833 

0.68070 

0.58307 

0.58643 

0.68779 

64 

36 

0.58779 

0.59014 

0.69248 

0.59482 

0.59716 

0.59949 

0.60182 

63 

37 

0.60182 

0.60414 

0.60645 1 

0.60876 

0.61107 

0.64337 

0.61566 

52 

38 

0.61.566 

0,61795 

0.82024 

0.62251 

0.62479 

0.62706 

0.62932 

51 

39 

0.62932 

0.63168 

0,63383 

0.63608 

0.63832 

0.64056 

0.64279 

50 

40 

0.64279 

0.64501 

0.64723 

0.64946 

0.66166 

0.65386 

0.65606 

49 

41 

0.65606 

0.66826 

0.66044 

0.66262 

0.66480 

0.68697 

0.66913 

48 

42 

0.66913 

0.67129 

0.67344 

0.67669 

0.67773 

0.67987 

0.68200 

47 

43 

0.68200 

0.68412 

0.68624 

0.68835 

0.69046 

0.69266 

0.69468 

46 

44 

0.69400 

0.69675 

0.69883 

0.70091 

0.70298 

0,70505 

0.70711 

45 

1 

60' 

I 60' 

40' 

30' 

20' 

10' 

0' 

I 

1 
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Natural Trigonometric Functions 

1 




COSINES 




s 

1 

0' 

10' 

20' 

30' 

40' 

60' 

1 60' 

ia 

0 

1.00000 

1 .00000 

0.99998 

0.99996 

0.99993 

0.99089 

0.00985 

89 

1 

0.99985 

0.99970 

0.99973 

0.99966 

0.99958 

0.99949 

0.99939 

88 

2 

0.99939 

0.99929 

0.09917 

0.99906 

0.99892 

0.99878 

0.99863 

87 

3 

0.99863 

0.99847 

0.99831 

0.99813 

0.99795 

0.99776 

0.99756 

86 

4 

0.99766 

0.99730 

0.99714 

0.99692 

0.99668 

0.99644 

0.99619 

85 

5 

0.99619 

0.90594" 

0.99667 

0.99.540 

0.99511 

0.99482 

0.094.52 

84 

6 

0.99452 

0.99421 

0.99390 

0.99357 

0.99324 

0.99290 

0.99255 

83 

7 

0.99255 

0.99219 

0-99182 

0.99144 

0.99106 

0.99067 

0.99027 

82 

• 8 

0.99027 

0.98986 

0.98944 

0.98902 

0.98858 

0.98814 

0.98769 

81 

0 

0.98769 

0.98723 

0.98676 

0.98629 

0.98580 

0.98531 

0.98481 

80 

10 

0.98481 

0.98430 

0.98378 

0.98325 

0.98272 

0.98218 

0.98163 

79 

11 

0.98163 

0.98107 

0.98050 

0.97992 

0.97934 

0.97875 

0.97815 

78 

12 

0.97815 

0.97754 

0.97692 

0.97630 

0.97566 

0.97502 

0.97437 

77 

13 

0.97437 

0.97371 

0.97304 

0.97237 

0.97169 

0.97100 

0.97030 

76 

14 

0.97030 

0.96959 

0.96887 

0.96815 

0.96742 

0.96667 

0.96593 

75 

16 

0.96593 

0.96617 

0.96440 

0.96363 

0.96285 

0.96206 

0.96126 

74 

16 

0.96126 

0.96046 

0.95964 

0.95882 

0.95799 

0.95715 

0.95630 

73 

17 

0.95630 

0.95545 

0.95459 

0.95372 

0.95284 

0.95195 

0.95106 

72 

18 

0.95106 

0.96015 

0.94924 

0.94832 

0.94740 

0.94646 

0.94552 

71 

19 

0.94552 

0.94467 

0.94361 

0.94264 

0.94167 

0.94068 

0.93969 

70 

20 

0.93969 

0.93869 

0.93769 

0.93667 

0.93565 

0.93462 

0.93358 

69 

21 

0.93358 

0.93253 

0.93148 

0.93042 

0.92935 

0.92827 

0.92718 

68 

22 

0.92718 

0.92609 

0.92499 

0.92388 

0.92270 

0.92164 

0.92050 

67 

23 

0.92060 

0.91930 

0.91822 

0.91706 

0.91590 

0.91472 

0.91355 

66 

24 

0.91355 

0.91236 

0.91116 

0.90996 

0.90875 

0.90753 

0.90631 

05 

36 

0.90631 

0.90507 

0.90383 

0.90259 

0.90133 

0.90007 

0.89879 

64 

26 

0.89879 

0.89752 

0.89623 

0.89493 

0.89363 

0.89232 

0.89101 

63 

27 

0.89101 

0.88968 

0.88835 

0.88701 

0.88666 

0.88431 

0.88295 

62 

28 

0.88295 

0.88158 

0.88020 

0.87882 

0.87743 

0.87603 

0.87462 

61 

29 

0.87462 

0.87321 

0.87178 

0.87036 

0.86892 

0.86748 

0.86603 

60 

80 

0.86603* 

0.86457 

0.86310 

0.86163 

0.86016 

0.85866 

0.85717 

59 

31 

0.86717 

0.86667 

0.85416 

0.85204 

0.86112 

0.84959 

0.84805 

58 

32 

0.84805 

0.84660 

0.84495 

0.84339 

0.84182 

0.84025 

0.83867 

57 

83 

0.83867 

0.83708 

0.83649 

0.83389 

0.83228 

0.83066 

0.82904 j 

56 

34 

0.82904 

0.82741 

0.82577 

0.82413 

0.82248 

0.82082 

0.81915 

55 

85 

0.81916 

0.81748 

0.81580 

0.81412 

0.81242 

' 0.81072 

0.80902 

54 

86 

0.80902 

0.80730 

0.80558 

0.80386 

0.80212 

1 0.80038 i 

0,79804 

53 

87 

0.79864 

0.70^88 

0.79512 

0.79335 

0.79168 

I 0.78980 

0.78801 

52 

38 

0.78801 

0.7^22 

0.78442 

0.78261 

0.78079 

0.77897 

0.77715 

51 

89 

0.77716 

0.77631 

0.77347 

0.77162 

0.76977 

1 0.76791 

0.76604 

50 

40 

0.76604 

0.76417 

0.76229 

0.76041 

0.75851 

0.75661 

0.75471 

49 

41 

0.75471 

0.75280 

0.75088 

0.74896 

0.74703 

0.74509 

0.74314 

48 

42 

0;74314 

0.74120 

0.73924 

0.73728 

0.73531 

0.73S33 

0.73135 

47 

43 

0.73135 

0.72937 

0.72737 

0.72537 

0.72337 

0.72136 

0.71934 

46 

44 

0.71934 

0.71732 

0.71529 

0.71325 

0.71121 

0.70916 

0,70711 

45 

1 
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CARNBOIE STEEL COMPANY 


Natural Trigonometric Functions 


1 

TAITGENTS 


1 

0' 

10' 

20' ! 

1 

30' 

40' 

60' 

60' 

1 

0 

0.00000 

0.00201 

0.00682 

0.00873 

0.01164 

0.014.55 

0.01746 

89 

1 

0.01746 

0.020.36 

0.02328 

0.02619 

0.02910 

0.03201 

0.03492 

88 

2 

0.03492 

0.03783 

0.04075 

0.04366 

0.046.58 

0.04949 

0.05241 

87 

3 

0.06241 

0.05533 

0.05824 

0.06116 

0.06408 

0.06700 

0.06993 

86 

4 

0.06993 

0.07285 

0.07678 

0.07870 

0.08163 

0.08456 

0.08749 

86 

5 1 

0.08749 

0.09042 

0.09335 

0.09629 

0.09923 

^ 0.10216 

0.10510 

84 

6 

0.10510 

0.10805 

0.11099 

0.11.304 

0.11688 

0.11983 

0,12278 

83 

7 

0.12278 

0.12574 

0.12869 

0.13165 

0.1.3461 

0,137.58 

0.14054 

82 

8 i 

0.14054 

0.14351 

1 0.14648 

0.14945 

0.15243 

0.1.5540 

0.15838 

81 

0 

0.16838 

0.16137 

0.16435 

1 0.16734 

0.17033 

0.17333 

0.17633 

80 

10 

0.17633 

0.17933 

0.18233 

0.18.5.34 

0.18835 

0.19136 

0.19438 

79 

11 

0.19438 

0.19740 

: 0.20042 

0.20345 

0.20(*48 

0.209.52 

0.212.56 

78 

12 

0.21256 

0.21560 

0.21864 

I 0.22169 

0.22475 

0.22781 

0.23087 

77 

13 1 

0.23087 

0.23.393 

0.23700 

1 0.24008 

0.24316 

0.24624 

1 0.24933 

70 

14 

0.24933 

0.25242 

0.26662 

0.25862 

0.26172 

0.26483 

0.26795 

75 

16 

0.26795 

0.27107 

0.27419 

0,27732 

0.28046 

0.28360 

0.28676 

74 

Id 

0,28675 

0.28990 

0.29305 

0.29621 

0.29938 

0.302.55 

0.30573 

73 

17 

0.30573 

0.30891 

0.31210 

0.31530 

0.31850 

0.32171 

0.32402 

72 

18 

0.32492 

0.32814 

0.33136 

0.33460 

0.33783 

0.34108 

0.34433 

71 

19 

0.34433 

0.34768 

0.36086 

0.36412 

0.35740 

0.36068 

0.36397 

70 

20 

0.36397 

0.36727 

0.37057 

0.37388 

0.37720 

0.38063 

0.38386 

69 

21 

0.3838G 

0.38721 

0.390.55 

0.39391 

0.39727 

0.40066 

0.40403 

08 

22 

0.40403 

0.40741 

0.41081 

0.41421 

0.41763 

0.42105 

0.42447 

67 

23 

0.42447 

0.42791 

0.43136 

0.43481 

0.43828 

0.44176 

0.44623 

66 

24 

0.44623 

0.44872 

0.46222 

0.46573 

0.45924 

0.46277 

0.46631 

65 

26 

0.46631 

0.46985 

0,47341 

0.47698 

0.48056 

0.48414 

0.48773 

64 

26 

0.48773 

0.49134 

0.49495 

0.49868 

0.60222 

0.60687 

0.50953 

63 

27 

0.50963 

0.51320 

0.51688 

0.52057 1 

0.62427 

0.52798 

0.63171 

62 

28 

0.63171 

0.53545 

0.53920 

0.54296 

0.64674 

0.66051 

0.66431 

61 

29 

0.55431 

0.65812 

0.56194 

0.66577 

0.66962 

0.57348 

0.57735 

60 

30 

0.57735 

0.68124 

0,58513 

0,58906 

0.69297 

0.69691 

0.60086 

59 

31 

0.60086 

0.60483 

0.60881 

0.61280 

0.61681 

0.62083 

0.62487 

58 

32 

0.62487 

0.62892 

0.63299 

0.63707 

0.04117 

0.64528 

0.64941 

67 

33 

0.64941 

0.65355 

0.66771 

0.66189 

0.66608 

0.67028 

0.67461 

56 

34 

0.67461 

0.67876 

0.68301 

0.68728 

0.69167 

0.69688 

0.70021 

55 

36 

0.70021 

0.70455 

0.70891 

0.71329 

0.71769 

0.72211 

0.72664 

54 

36 

0.72654 

0.73100 

0.73547 

0,73996 

0.74447 

0.74900 

0.76366 

63 

37 

0.76365 

0.75812 

0,76272 

0.76733 

0.77196 

0.7C^661 

0.78129 

62 

38 

0.78129 

0.78598 

0.79070 

0.79544 

0.80020 

0.80498 

0.80078 

61 

39 

0.80978 

0.81461 

0.81946 

0.82434 

0.82923 

0.83416 

0.83010 

60 

40 

0.83910 

0.84407 

0.84906 

0.86408 

0.86912 

0.86419 

0.86029 

49 

41 

0.86029 

0.87441 

0.87955 

0.88473 

0.88992 

0.89616 

0.90040 

48 

42 

0.00040 

0.90669 

0.91099 

0.91633 

0.92170 

0.92709 

0.93262 

47 

43 

0.93262 

0.93797 

0.94.345 

0.94896 

0.96461 

0.96008 

0.96569 

46 

44 

0.06560 

0.07133 

0,97700 

0.98270 

0.98843 

0.00420 

1.00000 

45 
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MATHEMATICAL TABLES 


Natural Trigonometric Functions 


COTANGENTS 


? 

0' 

10' 

20' 

30' 

40' 

50' 

60' 

1 i 

0 

00 

343.77371 

171.88540^114.58865 

85.93979 

68.75009 

57.28996 

89 i 

1 

67.28996 

49.10388 

42.96408 

38.18846 

;,34.36777l3l.24158] 

28163625 

88 i 

2 

28.63626 

26.43160 

24.54176' 

22.90377 

21.4704020.205.55 

19.08114 

87 j 

3 

19.08114 

18.07498 

17.169341 

16.34986 

15.60478 

14.92442! 14.30067; 

86 

4 

14.30067 

13.72674 

^ 13.19688 

12.70621 

12.25051 

11.82617 

11.43005 

85 

ri 

*11.43006 

11.0.5943 

10.71191 

10..38540 

10.07803 

9.78817 

9.51436 

84 

(i 

9.51436 

9,2.5530 

9.00983 

8.77689 

8..5.5555 

8.34406' 

8.14435 

83 , 

7 

8.14435 

7.9.5302 

7.77035 

7.59575 

7.42871 

7.26873 

7.11537 

82 

8 

7.11537 

6.96823 

6.82694 

6.69116 

6.5605.5i 

6.4.3484 

6.31375 

81 

9 

6.31376 

6.19703 

6.08444 

5.97576 

5.87080; 

5.76937 

6.67128 

80 1 

0 

5.67128 

6..576.3S 

5.48451 

5.395.52 

5.30928 

5.22566 

5.144.56 

79 i 

1 

5.14455 

6.06584 

4.98940 

4.91516 

4.84300 

4.77280 

4.70463 

78 ; 

2 

4.70463 

4.63825 

4.57.363 

4.51071 

4.44942 

4.38969 

4.33148 

77 ! 

3 

4.33148 

4.27471! 

4.219.33 

4.16530 

4.112.56 

4.06107 

4.01078 

76 I 

4 

4,01078 

3.90165 

3.91.364 

3.80671 

3.82083 

3.77595 

3.73205 

76 i 

5 

3.73205 

3,68909' 

3.64705 

3.60588' 

3.,56557 

3.52609 

3.48741 

74 1 

ft 

3.48741 

3.44951! 

3.41236 

3.37594 

3.34023 

3.30.521 

3.27085 

73 : 

.7 

3.27085 

3.23714 

3.20400 

3.17159 

3.13972 

3.10842 

3.07768 

72 ! 

.8 

3.07708 

3.04749 

3.01783 

2.98869 

2.96004 

2.93189 

2.90421 

71 ! 

.9 

2.90421 

2.87700 

2.86023 

2.82391 

2.79802 

2.77254 

2.74748 

70 1 

!0 

2.74748 

2.72281 

2.69853 

2.67462 

2.65109! 

2.62791 

2.60509 

69 i 

!1 

2.00.509 

2..58261 

2,56046 

2.53865 

2.5171.5 

2.49597 

2.47609 

68 ! 

!2 

2.47509 

2.454.511 

2.43422 

2.41421 

2.39449i 

2.37504 

2.35686 

67 

!3 

2.3.5.585 

2.33603 

2,31826 

2.29984 

2.28167 

2.26374 

2.24604 

66 i 

!4 

2.24604 

2.228.57, 

2.21132 

2.19430 

2.17749j 

2.10090 

2.14451 

65 . 

!5 

2.14451 

2.128321 

2.11233 

2.09664 

2.08094! 

2.06553 

2.06030 

64 1 

!0 

2.05030 

2.03526 

2.02039 

2.00569 

1.99116 

1.97680 

1.96261 

63 1 

!7 

1.96261 

1.94858 

1.93470 

1.92098 

1.90741 

1.89400 

1.88073 

62 ' 

!8 

1.88073 

1.80760 

1.85462 

1.84177 

1.82907 

J. 81649 

1.80405 

61 i 

i9 

1.80405 

1,79174 

f j 

1.77955 

1.76749j 

1.75556 

1.74375j 

1.73205j 

60 j 

to 

1.73205 

1.72047 

1,70901 

1,69766 

1.68643 

1.67530 

1.66428 

59 

tl 

1.66428 

1.65337 

1.64256 

1.63185 

1.62125 

1.61074 

1.60033 

58 

t2 

1.60033 

1.59002 

1.57981 

1.50969! 

1.5.5966 

1.54972 

1.53987 

67 

t3 

1.63987 

1.53010 

1.5204.3 

1.51084 

1.50133 

1.49190 

1.482.56 

56 

t4 

1.48256 

1.47330 

1.46411 

1.4.5501 

1.44598 

1.43703 

1.42816 

55 

t5 

1.42815 

1.419.34, 

1.41061 

1.40195 

1.39336 

1.. 38484 

1.37638 

54 

tft 

1.37638 

1.36800 

1.35968 

1.35142 

1.. 34323 

1.33511 

1.32704 

53 

17 

1,32704 

1.31^04 

1.31110 

1.30323! 

1.29.541 

1.28764 

1.27994 

62 

18 

1.27994 

1.272.30 

1.26471 

1.25717 

1.24969 

1.24227 

1.23490 

61 

t9 

1.23490 

1.22758 

1.22031 

1.21310 

1.20593 

1.19882 

1.19176 

50 

10 

1.19175 

1.18474 

1.17777 

1.17085 

1.16398 

1.15715 

1.16037 

49 

tl 

1.15037 

1.14363 

1.13694 

1.13029 

1.12369 

1.11713 

1.11061 

48 

t2 

1.11061 

1.10414 

1.09770 

1.09131 

1.08496 

1.07864 

1.07237 

47 

13 

1.07237 

1.06613 

1.05994 

1.06378 

1.04766 

1.04158 

1.03563 

46 

t4 

1.03663 

1.02962 

1.02366 

1.01761 

1.01170 

1.00583 

1.00000 

45 
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CARNBQIE STEEL COMPANY 


Natural Trigonometric Functions 

i 

1 



SECANTS 


# 


1 

1 

0' 

10' 

20' 

30' 

40' 

50' 

60' 

I 

0 

1.00000 

1.00000 

1.00002 

1.00004 

1.00007 

1.00011 

1.00015 

89 

1 

1.00015 

1.00021 

1.00027 

1,00034 

1.00042 

1.00051 

1.00061 

88 

2 

1.00061 

1.00072 

1.00083 

1.00095 

1.00108 

1.00122 

1.00137 

87 

3 

1.00137 

1.00153 

1.00169 

1.00187 

1.00205 

1.00224 

1.00244 

86 

4 

1.00244 

1.00265 

1.00287 

1.00309 

1.00333 

1.00367 

1.00382 

85 

1 5 

1.00382 

1.00408 

1.00435 

1.00463 

1.00491 

1.00521 

1.00.561 

84 

! 6 

l.(K)55l 

1.00582 

1.00614 

1.00647 

1.00681 

1.00715 

1.00751 

83 I 

i 7 

1.00751 

1.00787 

1.00825 

1.00863 

1.00002 

1.00942 

1.00983 

82 ' 

i 8 

1.00983 

1.01024 

1.01067 

1.01111 

1.011.55 

1.01200 

1.01247 

81 

i *9 

1.01247 

1.01294 

1.01342 

1.01391 

1.01440 

1.01491 

r.01643 

80 ! 

i 10 

1.01543 

1.01,595 

1.01649 

1.01703 

1.01758 

1.01816 

1.01872 

79 i 

i 11 

1.01872 

1.01930 

1.01989 

1.02049 

1.02110 

1.02171 

1.02234 

78 i 

i 12 

1.02234 

1.02298 

1.02362 

1.02428 

1.02494 

1.02.562 

1.02630 

77 1 


1.02630 

1.02700 

1.02770 

1.02842 

1.02914 

1.02987 

1.0.3061 

76 

! 14 

1.03061 

1.03137 

1.03213 

1.03290 

1.03368 

1.03447 

1.03528 

76 

15 

1.03528 

1.03609 

1.03691 

1.03774 

1.03858 

1.03944 

1.04030 

74 

1 16 

1.04030 

1.04117 

1.04206 

1.04295 

1.04.385 

1.04477 

1.04.569 

73 

1 17 

1 .0456{) 

1.04663 

l.(H7.57 

1.04853 

1 .04950 

1.05047 

1.06146 

72 

i 18 

1.05146 

1.05246 

1.05347 

1.0.5449 

1 .05552 

1.05657 

1.05762 

71 

i 

1.05762 

1.0.5869 

1.05976 

1.06085 

1.06195 

1.06306 

1.06418 

70 

! 20 

1.06418 

1.06531 

1.06645 

1.06761 

1.06878 

1.06995 

1.07115 

69 

! 21 

1.07115 

1.07235 

1.073.56 

1.07479 

1.07602 

1.07727 

1.07853 

68 i 

! 22 

1.07853 

1.07981 

1.08109 

1.08239 

1.08370 

1.08603 

1.08636 

67 

i 23 

1.08636 

1.08771 

1.08907 

1.09044 

1.09183 

1,09323 

1.09464' 

66 ! 

1 24 

1.09464 

1.09600 

1.09750 

1.09895 

1.10041 

1.10189 

1.10338 

65 [ 

i 25 

1.10338 

1.10488 

1.10640 

1.10793 

1.10947 

1.11103 

1.11260 

64 .1 

i 26 

1.11260 

1.11419 

1.11579 

1.11740 

1.11903 

1.12067 

1.12233 

63 ! 

1 27 

1.12233 

1.12400 

1.12568 

1.12738 

1.12910 

1.13083 

1.13267 

62 

; 28 

1.132.57 

1.13433 

1.1,3610 

1.1,3789 

1.13970 

1.14152 

1.14335 

61 

1 29 

1.14335 

1.14521 

1.14707 

1.14896 

1.15085 

1.16277 

1.16470 

60 

1 30 

1.15470 

1.16665 

1.15861 

1.160.59 

1.16259 

1.16460 

1.16663 

69 

! 31 

1.16663 

1,16868 

1.17075 

1.17283 

1.17493 

1.17704 

1.17918 

58 

i 32 

1.17918 

1.18133 

1.18.350 

1.18569 

1.18790 

1.19012 

1.10236 

67 

1 33 

1,19236 

1.19463 

1.19691 

1.19920 

1.20152 

1.20386 

1.20622 

56 

1 34 

1.20622 

1.20859 

1.21099 

1.21341 

1.21684 

1.21830 

1.22077 

55 

1 35 

1.22077 

1.22327 

1.22579 

1.22833 

1.23089 

1.23347 

1.23607 

64 

36 

1.23607 

1.23869 

1.24134 

1.24400 

1.24669 

1.24940 

1.25214 1 

53 

37 

1.25214 

1.25489 

1.25767 

1.26047 

1.26330 

1.16015 

1.20902 

52 

38 

1.26902 

1.27191 

1.27483 

1.27778 

1.28075 

1.28374 

1.28676 

51 

39 

1.28676 

1.28980 

1.29287 

1.29597 

1.29909 

1.30223 

1.30541 

50 

40 

1.30541 

1.30861 

1.31183 

1.31509 

1.31837 

1.32168 

1.32601 

49 

41 

1.32501 

1.32838 

1.33177 

1.33619 

1.33864 

1.34212 

1.34663 

48 

42 

1.34563 

1..34917 

1.35274 

1.35634 

1.3.5997 

1.36.363 

1.36733 

47 

43 

1.36733 

1.37105 

1.37481 

1.37860 

1.38242 

1.38628 

1.39010 

46 

44 

1.39016 

1.39409 

1.39804 

1.40203 

1.40606 

1.41012 

1.41421 

45 

1 

60' 

60' 

40' 

j 30' 

20' 

10' 

0' 
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MATHEMATICAL TABLES 


! 

Natural Trigonometric Functions 

i 


% 

COSECANTS 



S 

a 

1 

0' 

10' 

20' 

CJ 

q 

40' 

j 50' 

1 60' 

1 

0 

oo 

343.77510 

171.88831 

114.59301 

85.94561 

68.75736 57.2986? 

89 

1 

57.298(50 

49.11406 

42.97.571 

38.20155 

34.382.32 

31.2575828.6.5371 

88 

2 

28.05371 

20.45051 

24.56212 

22.92551 

21.49.36f 

20.23028 

19.10732 

87 

3 

19.10732 

18,10202 

17,1984.'3 

10.38041 

15.6367? 

114.9.5788 

14.3.3,55a 

86 

i 4 

14.33559 

13.76312 

13.23472 

12.74550 

12.29125 

11.86837 

11.47371 

85 

! 5 

11.47371 

11.104.55 

10.75849 

10.43343 

10.127,52 

9.83912 

9.56677 

84 

6 

9.50677 

9..3()917 

9.06515 

8.83367 

8.61379 

8.40466 

8.20551 

83 


8.20551 

8.01565 

7.83443 

7.66131 

7.49571 

7.33719 

7.185.30 

82 

8 

7.18530 

7.03962 

6.8997S 

6.76547 

6.63633 

6.51208 

0..39246 

81 

0 

0.39244 

6.27719 

6.10607 

6.05886 

5.95536 

5.85539 

5.75877 

80 

10 

5.75877 

5.66.533 

5.57493 

5.48740 

5.4026.3 

5.32049 

.5.24084 

79 

11 

5.24084 

5.16359 

5.08863 

5.01.585 

4.94517 

4.87649 

4.80973 

78 

12 

4.80973 

4.74482 

4.68167 

4.62023 

4.56041 

4..50216 

4.44,541 

77 

13 

4.44541 

4.39012 

4..33622 

4.28366 

4.232,39 

4.18238 

4.13357 

76 

14 

4.13357 

4.08.591 

4.03938 

3.99393 

3.94952 

3.90613 

3.86370 

75 

16 

3.86370 

3.82223 

3.78166 

.3.74198 

3.70315 

3.66515 

3.62796 

74 


3.62790 

3.,591.54 

3.55.587 

3.52094 

3.48671 

3.4,5317 

3.42030 

73 

17 

3. 42031 

3.38808 

3.35649 

3.32551 

3.29512 

3.26,531 

3.23607 

72 

18 

3,23007 

3.20737 

3.17920 

3.15155 

3.12440 

3.09774 

,3.071.55 

71 

19 

3.07155 

3.04584 

3.02057 

2.99574 

2.97135 

2.94737 

2.92380 

70 

20 

2.92380 

2.90063 

2.87785 

2.85645 

2.8,3342 

2.81175 

2.79043 

69 

21 

2.79043 

2.76945 

2.74881 

2.72850 

2.70851 

2.68884 

2.66947 

68 

22 

2.00947 

2.65040 

2.63162 

2.61313 

2..59491 

2.,57698 

2.55930 

67 

23 

2.55930 

2.54190 

2.52474 

2.50784 

2.49119 

2.47477 

2.4,58,59 

66 

24 

2.458.59 

2.44264 

2.42692 

2.41142 

2.39614 

2.38107 

2.36620 

65 

25 

2..36020 

2.35154 

2..33708 

2..32282 

2.30875 

2.29487 

2.28117 

64 i 

26 

2.28117 

2.26760 

2.25432 

2.24116 

2.22817 

2.21,535 

2.20269 

63 i 

27 

2.20209 

2.19019 

2.17786 

2.16568 

2.15366 

2.14178 

2.13005 

62 ! 

28 

2.13005 

2.11847 

2.10704 

2.09574 

2,08468 

2.07356 

2.06267 

61 ! 

20 

2.06267 

2.05191 

2.04128 

2.03077 

2.02039 

2.01014 

2.00000 

60 1 

30 

2.00000 

^ 1.98998 

1.98008 

1.97029 

1.96062 

1.95106 

1.94160 

59 1 

31 

1.94160 

1.93226 

1.92302 

1.91388 

1.90485 

1.89.591 

1.88709 

58 

32 

1.88708 

1.87834 

1.86970 

1.86116 

1.8.5271 

1.84435 

1.83608 

57 

33 

1.83608 

1.82790 

1.81981 

1.81180 

1.80.388 

1.796(M 

1.788291 

50 

34 

1.78829 

1.78062 

1.77303 

1.76662 

1.75808 

1.75073 

1.74345 

55 

35 

1.74,345 

1.73624 

1.72911 

1.72205 

1.71506 

1.70815 

1.70130 

54 

36 

1.701,30 

1.69452 

1.68782 

1.68117 

1.67460 

1,66809 

1.66164 

53 1 

37 

1.66164 

1.65526 

1.64894 

1.64268 

1.63648 

1.63035 

1.62427 

52 

38 

1.62427 

1.61825 

1.61229 

1.606,39 

1.60054 

1.59475 

1.58902 

61 1 

39 

1.68902 

1.68333 

1.67771 

1.57213 

1.56661 

1.56114 

1.55572 

50 I 

40 

1.55572 

1.56036 

1.54504 

1.53977 

1.53455 

1.. 52938 

1., 5242.5 

49 

41 

1.52425 

1.51918 

1.51415 

1.50916 

1.50422 

1.49933 

1.49448 

48 

42 

1.49448 

1.48907 

1.48491 

1.48019 

1.47551 

1.47087 

1.4662» 

47 

43 

1.46628 

1.46173 

1.45721 

1.45274 

1.44831 

1.44391 

1.43956 

40 

44 

1.43956 

1.43524 

1.43096 

1.42672 

1.42251 

1.41835 

1.41421 

45 

1 

60' 

60' 

40' 

30' 

20' 

10' 

0- 
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CARNEQIE STEEL COMPANY 


BIRMINGHAM WIRE GAGE 

Equivalents in Inches 

Corresponding Weights of Flat Rolled Steel 


Gage 

Number 

Thickness, 

1 Inches 

Pounds 

per 

Square Foot 

I Thickness, Inches 

Pounds 

per 

Square Foot 

Fractional 

Decimal 




yj 

.5 

20.4 

0000 

.454 

18.5232 

H 

.46875 

19.125 

000 

.425 

17.34 


.4375 

17.85 





^40625 

16.575 

00 

.380 

15..504 

H 

.375 

15.3 

0 

.340 

13.872 

a 

.34375 

14.025 

1 

.300 

12.24 

A 

.3125 

12.75 

2 

.284 

11.5872 

il 

.296875 • 

12.1125 

3 

.259 

10.5672 

A 

.28125 

11.475 




iJ 

.265625 

10.8375 

4 

.238 

0.7104 

H 

.25 

10.2 

6 

.220 

8.976 


.2.34375 

9.5625 

6 

.203 

8.2824 

3X 

.21875 

8.925 

7 

.180 

7.344 


.203125 

8.2875 

8 

.165 

6.732 


.1875 

7.65 

0 

.148 

6.0384 

a 

. .171875 

7.0125 

10 

.134 

5.4672 

A 

.15625 

6.375 

11 

.120 

4.896 

A 

,140625 

5.7375 

12 

.109 

4.4472 

H 

.125 

5.1 

13 

.005 

3.876 

A 

.109375 

4.4625 

14 

.083 

3.3864 

A 

.09375 

3.825 

15 

.072 

2.9376 

sk 

.078125 

3.1875 

16 

.065 

2.652 




17 

.058 

2,3664 

A 

.0625 

2.55 

18 

.049 

1.9992 




19 

.042 

1.7136 

A 

.046875 

1.0125 

20 

.035 

1.428 




21 

.032 

1.3056 




22 

.028 

1.1424 

A 

.03125 

1.275 

23 

.025 

1.02 




24 

.022 

0.8976 




25 

.020 

0,816 




26 

.018 

0.7344 


«» 


27 

28 

,016 

.014 

0.6528 

0.5712 

A 

.015625 

0.0375 

29 

.013 

0.5304 




30 

,012 

0.4896 




31 

.010 

0.408 




32 

.009 

0,3672 




33 

.008 

0.3264 

lis 

.0078125 

0.31875 

34 

.007 

0.2856 




35 

.005 

0.2040 




36 

.004 

0.1632 

sis 

.00300625 

0.150375 


UolesB otherwise specified, all orders for flat rolled steel in gages will be executed by Carnegie 
Steel Company to Birmingham Wire Gage. 
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MEASURES AND WEIGHTS 


UNITED STATES STANDARD GAGE ! 

i 

Fob ! 

i 

Sheet and Plate Iron and Steel I 


Gage 

Number 

Approximate Thickness | 

Weigh^per 

Weight per 
Square Foot, 
Pounds, 
Avoirdupois 

i 

Weight per j 
SquereMcter, j 
Kilogramfi | 

Fractional | 
Inches 

Decimal 

Inches 

Millimeters 

Ounces, 

Avoirdupois 

ooooooo 


.5 • 

12.7 

320 

20.00 

97.65 

OOOOtH) 

is 

.46875 

11.90625 

3(X) 

18.76 

91.55 

00000 


.4375 

11.1125 

280 

17.50 

85.44 

0000 


.40625 

10.31875 

260 

16.25 

79..33 

000 

H 

.375 

9.525 

240 

1.5.00 

73.24 1 

00 

ii 

.34375 

8.73126 

220 

13.75 

67.13 

0 

A 

.3125 

7.9375 

200 

12..50 

61.03 i 

1 

A 

.28125 

7.14375 

180 

11.25 

64.93 

2 

kl 

.265625 

6.746875 

170 

10.625 

61.88 1 

3 


.25 

6.35 

160 

10.00 

48.82 

4 

it 

.234375 

6.953125 

150 

9.375 

45.77 

5 


.21875 

5.55625 

140 

8.75 

42.72 

6 

kl 

,203125 

5.1.59376 

1.30 

8.125 

39.67 

7 


.1875 

4.7625 

120 

7.50 

36.62 

8 

a 

.171875 

4.365625 

110 

6.875 

33.57 

9 

A 

.15626 

3.96875 

100 

6.25 

.30.52 

10 

A 

.140625 

3.571875 

90 

1 5.625 

27.46 

11 

H 

.125 

3.175 

80 

1 5.00 

24.41 

12 

A 

.109376 

2.778125 

70 

4.375 

21.36 

13 

A 

.09375 

2.38125 

60 

3.75 

18.31 

14 

A 

.078125 

1.984375 

50 

3.125 

16.26 

15 


.0703125 

1.7859375 

45 

2.8125 

13.73 

16 

A 

.0625 

1.5875 

40 

2.50 

12.21 

17 

lie 

.05625 

1.42875 

36 

2.25 

10.99 

18 

A 

.05 

1.27 

32 

2.00 

9.766 

19 

Z 

.04375 

1.11125 

28 

1.75 

8.644 

20 

A 

.0376 

.9525 

24 

1.50 

7.324 

21 

A\i 

.034375 

.873125 

22 

1.375 

6.713 

22 

A 

.03125 

.7937,50 

20 

1.25 

6.103 

23 


.028125 

.714375 

18 

1.125 

5.493 

24 

% 

.025 

.635 

16 

1.00 

4.882 

25 


.021875 

.5.55625 1 

14 

.875 

4.272 

20 

lie 

.01875 

.47625 

12 

.75 

3.662 

27 


.0171875 

.436.5625 

11 

.6875 

3.3,57 

28 

A 

.01,5625 

.396875 

10 

.625 

3.0,52 

29 

sfe 

,0140625 

.3571875 

g 

.6625 

2.746 

30 

A 

.0126 

.3175 

8 

.60 

2.441 

31 

llL 

.0109375 

.2778125 

7 

.4375 

2.136 

32 

.01015625 

.25796876 

QH 

.40625 

1.983 

33 

33c 

.009375 

.238125 

0 

.376 

1.831 

34 

liic 

.00859375 

.21828125 


.34376 

1.678 

35 

sic 

.0078125 

.1984375 

5 

.3125 

1.526 

36 


.00703126 

.17859375 

4^ 

.28126 

1..373 

37 

vice 

.006640625 

.168671875 

AH 

.265625 

1.297 

38 

lie 

.00625 

.15875 

4 

.25 

1.221 


The United States Standard Gage is a weight gage based upon the weights per square foot in 
ounces avoirdupois and approximate thickness based upon 4S0 pounds per cubic foot. 


In the practical use and application of the United States Standard Gage, a weight variation of 
2H per cent either way may be allowed. 

Unless otherwise specified, all orders for flat rolled steel in gages will be exeoutid by Carnegie 
Steel Company to Birmingham Wire Gage. 
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CARNEQIE STEEL COMPANY 

STANDARD GAGES 

Comparative Table 


Thickness in Decimals of an Inch 


Gage 

Number 

Birmingham Wire 
(B. W. G.) 
also known as 

Stubs Iron Wire 

American Wire 
or 

Browne & Sharpe 

American Steel A Wire Co. 
formerly 

Washburn & Moen 

Trenton Iron Company 

British Imperial 
Standard Wire 
(S. W. G.) 

Standard Birmingham { 
Sheet and Hoop 
tB. G ) 

0000000 

000000 


.580000 

.4900 

.4015 


.500 

.404 

v.’.'.:;: i 

00000 

.5(K) 

.516500 

.4305 

.450 

.432 

1 

0000 

.454 

.400000 

.3938 

.400 

.400 


000 

.425 

.409042 

.3025 

.300 

.372 

.5000 ; 

00 

.380 

.304790 

.3310 

.330 

.348 

.4452 i 

0 

.340 

.324801 

.3005 

.305 

.324 

.3964 i 

1 

.300 

.289297 

.28.30 

.285 

.300 

.3532 

2 

.284 

.257627 

.2025 

.205 

.270 

.3147 

3 

.2.59 

.229423 

.2437 

.245 

.252 

.2804 1 

4 

.238 

.204307 

.2253 

.225 

.232 

.2500 i 

1 0 

.220 

.181940 

.2070 

.205 

.212 

.2225 ! 

f « 

.203 

.162023 

.1920 

.190 

.192 

.1981 ! 


.180 

.144285 

.1770 

.175 

.170 

.1764 i 

s 

.105 

.128490 

.1020 

.160 

.100 

.1570 1 

» 

.148 

.114423 

.1483 

.145 

.144 

.1398 ! 

10 

.134 

.101897 

.1350 

.130 

.128 

.1250 1 

1 11 

.120 

.090742 

.1205 

.1175 

.110 

.1113 1 

: 12 

.109 

.080808 

.1055 

.105 

.104 

.0991 

i 

.095 

.071962 

.0915 

.0925 

.092 

.0882 

1 14 

.083 

.004084 

.0800 

.0806 

.080 

.0785 

1 15 

.072 

.057068 

.0720 

.070 

.072 

.0699 

16 

.065 

.050821 

.0025 

.001 

.004 

.0625 

17 

.058 

.04.5257 

.0.540 

.0525 

,0.50 

.0650 

18 

.049 

.040.303 

.0475 

.045 

.048. 

.0495 

19 

.042 

.035890 

.0410 

.040 

.040*' 

.0440 

20 

.035 

.031961 

.0348 

.035 

.036 

.0392 

21 

.032 

,028402 

.03175 

.031 

.0.32 

.0349 

22 

.028 

.025.346 

.0286 

.028 

.028 

.03125 

23 

.025 

.022572 

.02.58 

.026 

.024 

.02782 

24 

.022 

.020101 

.0230 

.0225 

.022 

.02470 

25 

.020 

.017900 

.020't 

.020 

;020 

.02204 

26 

.018 

.015941 

.0181 

.018 

.018 

.01961 

27 

.016 

.014195 

.0173 

.017 

..0104 

.01745 

28 

.014 

.012041 

.0162 

:oi6 

*.0148 

.015625 

29 

.013 

.0112.57 

.0150 

.015 

.0130 

.0139 

30 

.012 

.010025 

.0140 

.014 

.0124 

.0123 

31 

.010 

.008928 

.0132 

.013 

.0116 

.0110 

32 

.009 

.0079.50 

.0128 

.012 

.0108 

.0098 

33 

.008 

.007080 

.0118 

.oil 

.0100 

.0087 

34 

.007 

.006305 

.0104 

.010 

.0092 

.0077 

35 

.005 

.005015 

.0095 

.0095 

.0084 

.0060 

36 

.004 

.005000 

.0090 

.009 

.0076 

.0061 

37 


.004453 

.0085 

.0085 

.0068 

.0054 

38 


.003965 

.0080 

.008 

.0060 

.0048 

39 


.003531 

.0075 

.0075 

.0052 


40 


.003144 

.0070 

.007 

.0048 



Unless otbol^ise speoified, all orders for flat rolled steel in gages will be eaecuted by Cttnegie 
Steel Company to Birmingham Wire Gage. 
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MEASURES AND WEIGHTS 


DECIMAL OF AN INCH AND OF A FOOT 





Fractions 

of 

Inch or Foot 

1 Inch Equiva- 
lents to Foot 

Fractions 

of 

Inch or Foot 

•ill 

(?s| 

• 

Fractions 

of 

Inch or Foot 

Inch Equiva - 1 
lents to Foot 
Fractions 

Fractions 

of 

Inch or Foot 

Inch Equiva- 
lents to Foot 1 
Fractions j 


.0052 

.0104 

H 


.2552 

.2604 

3ifl^ 

3/'» 

j 

..5052 

.5104 

6 ,‘« 

6 H 


.7552 

.7604 

9^>s 


.015625 

.0208 

.0260 

l4” 

1^1 


.26.5625 

.2708 

.2700 

3x=‘„ 

3ji 

3i®a 

! ii4‘ 

..51.5025 

..5208 

.,5260 

6 A 

6H 

BA 

n 

.766626 

.7708 

.7760 

9A 

* 

.03125 

.0365 

.0417 

H 

i’a 

A 

.28125 

.2865 

.2917 

3«^ 

3,’.. 

3>^ 

: hi 

.,53125 

.5365 

.,5417 

& 

Oi’fl 

034 

a 

.78125 

.7865 

.7917 

9H 

9A 

9H 

1 A 
! 

.046875 

.0521 

.0573 

% 

U 


.296875 

.3021 

.3073 

3i®t 

3^ 

3ii 

i ii-t 

..540875 

..5.521 

.5.573 

6 A 

BH 

61i 

u 

.796875 

.8021 

.8073 

9A 

OH 

on 

1 i\> 

1 

j 

.0625 

.0677 

.0729 

H 

% 


.3125 

.3177 

.3229 

ir/ 

i«t 

.6625 

.5677 

.5729 

BH 

6 ii{ 

B% 

3 

la 

.8125 

.8177 

.8229 

OH 

I 

i' 

.078125 

.aS33 

.0885 

1 

It'd 

u 

.328125 

.3333 

.3385 

4j’a 

ill 

.578125 

..5833 

.5885 

618 

7A 

n 

.828125 

.83,33 

.8385 

18 “ 

lOA 

1 * 

i 

.09375 

.0900 

.1042 

IH 

1 1 <i 

lU 

a 

.34375 

.3490 

.3542 

4H 

4A 

4M 

y 

.60375 

.5990 

.6042 

7K 

7 

734 

u 

.84376 

.8490 

.8542 

10 H 
lOA 
1034 

: 

i ' 

.109375 

.1146 

.1198 

li-V 

IVb 

li^e 


.359375 

.3640 

.3098 

4A 

4i’<ii 

U 

.609376 

.6146 

.0198 

71^6 

7% 

7x\ 

a 

.869375 

.8646 

.8698 

18^ 

10 ,'. 

H 

.1260 

.1302 

.1364 

IH 

1% 


.3750 

.3802 

.3854 

4H 

H 

.6260 

.6302 

.6354 


K 

.8750 

.8802 

.8854 

lOH 

lo<^ 

A 

.140625 

.1468 

.1610 

»ia 

u 

.390625 

.3958 

.4010 

4i3 

U 

.640626 

.6458 

.6510 

7\k 

81 

.890626 

.8958 

.9010 

38^ 

lOlJ 

A 

.15625 

.1615 

.1667 

IH 

hi 

.40626 

.4116 

.4167 

4^ 

41« 

6 

U 

.66626 

.6615 

.0667 

Vd 

8 

u 

.90625 

.9115 

.9167 

lOH 

10 „ 

U 

.171876 

.1771 

.1823 

2 ft 

H 

.421875 

.4271 

.4323 

SiV 

5K 

6 A 

U 

.671876 

.6771 

.6823 

8 A 

a 

.921876 

.9271 

.9323 

33^ 

lift 

A 

.1876 

.1927 

.1979 

2 K 

2% 

% 

.4376 

.4427 

.4479 

6 M 

BH 

U 

.6875 

.6927 

.6979 


a 

.9375 

.9427 

.9479 

iiji 

33^ 

ll 

.203126 

.2083 

.2135 

1% 

2x\ 

1 ! 

.453126 

.4583 

.4636 

Bx\ 

634 

5A 

a 

.703126 

.7083 

.7136 

8 A 

8 i 

.953126 

.9583 

.9686 

33^ 

iiiV 

A 

.21875 

.2240 

.2292 

i 

a 

.46876 

.4740 

.4702 

6 ^ 

BH 


.71876 

.7240 

.7292 

8H 

u 

.96876 

.9740 

.9792 

liH 

ii» 

il 

.234375 

.2306 

.2448 

i 

H 

.484375 

.4806 

.4948 

i 

n 

.734376 

.7396 

.7448 

H 

If 

.984375 

.9896 

.9948 

iiS 


.2500 

3 


.5000 

6 

H 

.7500 

9 1 

1 

1.0000 
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CARNEQIB STEEL COMPANY 


SUBJECT INDEX 


j Paob 

i American Bridge Co. . . speciflcatlona for steel structures 164-160 

j boiler and fire box steel 36-40 

boiler rivet steel 41-44 

j nickel steel, structural 46-50 

j reinforcement bare, billet steel f 61-54 

ship rivet steel 31-35 

structural steel for bridges 4-0 

“ •* “ buildings 10-15 

“ “ “ cars 21-25 

locomotives 10-20 

“ “ “ ships 26-30 

Anchors standard wall and pier anchors 243 

Angles elements of sections 167, 178-183 : 

profiles, dimensions and weights 86-93 ■ 

safe loads, explanatory notes 206 ! 

safe load tables 230-234 1 

standard connections. . . 240, 241 j 

structural details for punching and riveting . 246-248 j 

toasion values 254-256 j 

j Angles, Back to Back • . radii of gyration 169, 194-196 j 

Arches, Floor Arches . , . explanatory notes 320-322 ; 

terra cotta, safe load tables and weights 323-326 1 

Areas circles, diameters 1 to 999 394-413 j 

circular eegmonts 388-391 ; 

method of increasing sectional areas 56 

not areas of angles 254-266 

plane figures 386 

rectangular sections 112-114 

reduction of area for rivet holes 248 

square and round bars 118, 119 

structural shapes 170-189 

surface of solids .392, 393 

Band Edge Flats ...... list of sizes 110 

Bars cold twisted square bars, sizes and weights 120 

concrete reinforcement bars, sizes and wcightsl20-12S 

eye bars, sizes and dimensions ^ 146 

banger bars, sizes and weights ' 129 

lattice bars, dimensions for columns 158 

merchant bars, list of sizes. 110, 111 

rounds and squares, weights and areas 1 18, 1 19 

splice bars, profiles, dimensions and weights. .134, 136 
standard test bars, see A. S. T. M. Specifications 4-64 

tension values, rounds and squares. 267 

upset screw ends, sizes and dimensions 144. 145 
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INDEX 


Besnu, H-Beams. 
Beami* I-Beamt ■ 


j Beam Columns . . 

I Beam Girders. • • . 

i Beam Stresses - ■ - 

! 

! 

! 

i 

I Bearing Plates. . . 

I 

i Bearing Values - ■ 

t 

I 

Bending Moments 


PaGB 

seo H-Beams 68, 174, 224, 290 

bending moments, tables 213, 214 

common dimensj^ons 57 

details, connection angles 240, 241 

“ bearing plates 244 

“ separators 242 

“ standard gages for punching 237. 238 

elements of sections 166, 170, 171 

grillage, notes and calculations 258-262 

proflltJs, weights and dimensions 58-67 

safe loads, explanation of tables 206-212 

^feload tables 216-223 ! 

web resistance, tables 213, 214 j 

explanatory notes 107-199, 206-212 1 

bending stresses 197, 198 

buckling stresses 210, 211 

deflection, lateral 156, 198, 208 

" vortical 202-207 j 

flexure formulas for various loading conditions. . 200-205 j 

impact stresses 208, 209 i 

shearing stresses, longitudinal and vertical - 198, 209, 210 j 

tensile and compressive stresses 108 { 

explanatory notes 244 ! 

safe resistance 245 

standard for beams 244 | 

pins and rivets, explanatory notes 240 > 

pins, tables 252 1 

rivets, tables 250, 251 

explanatory notes .107 

beams, tables 213, 214 

channels, tables 215 


i 


L 


pins, tables 253 

various loading conditions, formulas 202-205 

Bolts standard dimensions 140, 141 

screw threads, standard dimensions 140, 141 

weights, bolts with hexagon heads and nuts . . . 143 

weights, bolts with square heads and nuts 142 

Bolt Heads and Nuta*. . standard dimensions 140, 141 


Buckle Plates 

Buckling of Webs 

Building Laws. . . . 
Bulb Sections, i . . . 


weights 142, 143 

explanatory notes 334 

safe load table ‘ 334 

sizes and dimensions 335 

explanatory notes 210-212 

web resistance of beams and channels, tables . 213-215 
extract, from building laws of various cities ... 318 

bulb angles, bulb beams 69-70, 176-177 

angles, elements . . 175-177 

" profiles, weights and dimensions 70-76 

beams, elements 176 

** profiles, weights and dimensions 69 
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Paqb 

Cast Iron Columns . . . 

allowable unit stresses 

314 


hollow round and square, elements 

; . . . 192, 193 


“ “ i‘ “ safe loads 

315, 316 

CeilinKs 

deflection of plastered ceilings 

. . . .206, 207 


weight of ceilings 

326 

Center of Gravity .... 

see Neutral Axis 161- 

167. 172-191 

Channels, Ship and Car 

Clements of sections 

173, 174 


profiles, weights and dimensions 

81-85 

Channels, Structural . . 

bending moments, table 

215 


common dimensions 

57 


details, standard gages for punching. ... 

239 


elements of sections *. 

166, 172-174 


proflle.s. weights and dimensions 

.... 77-85 


safe loads, explanation of tables 

. . . .206-212 


safe load tables 

. . . .225-229 


web resistance, table 

215 

Checkered Plates 

elements and safe loads 

338 


profiles, weights and dimensions 

106 

Circles 

areas and circumferences, dia. 1 to 999 . 

394-113 


properties of the circle 

384 

Circular Plates 

extreme sizes, carbon steel 

107, 108 

Circular Segments .... 

areas, tables of coefBcients 

388-391 

Clevises 

sizes and weights 

148 

Coefficients 

circular segments 

. . . .389-391 


deflection under uniform load 

207 


expansion due to beat 

371 

Cold Twisted Squares . . 

. sizes and w'eights .* 

120 

Columns, Cast Iron < . . 

. allowable unit stresses 

314 


hollow round and square, elements 

....192,193 


** “ ** “ safe loads 

... .315, 316 

Columns, Steel 

. explanatory notes 

. . . .28.5, 287 

j 

calculation of elements 

... .168, 169 


** “ stress(» 

287 


compression formulas « 

288, 289 


elements, angle and plate columns 

. . . .303-310 


*' channel end plate columns .... 

. . . .291-302 


** miscellaneous beam columns. . . 

290 


safe loads, angle and plate columns 

...303-310 


•• ” channel and plate columns — 

291-302 


** *' miscellaneous beam columns . . 

290 


typical details for mill and office buildings 

... .311-313 

Columns, Wood 

. allowable unit stresses 

361 


square and round, safe loads 

. . . .362, 363 

Compound Sections . . . . 

, calculation of elements 

....168, 169 

Concrete, Masonry ■ . . . . 

. Rtrangth, unit fiber stresaea 

370 


specific gravity and weight 

365 

Concrete, Reinforced. , < 

> explanatory notes 

327-331 


beams and slabs, formulas 

....327-330 


bending moments of slabs 

332 


columns, formulas 

330 


reinforcements, deformed bars, etc 

. . . .120-128 


** round and square bars. . . 

...,118, 119 


** triangle mesh 

333 
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Page 

Connection Anfflea. . . ■ 

standard for beams 

240,241 

Constrnction Specif ’ns. 

American Bridge Company 


Convenion Tables .... 

measures, metric and U. S. Standard 


Corrnirated Plates. . . . 

elements of sections 

188 


profiles, weights and dimensions .... 



assembled sections, elements and safe loads. , 337 

Corrusated Sheets. . . . 

explanatory notes 

,340 


sizes and weights 

347 

Cotter Pins 

sizes and dimensions 


Ciross Tie Sections .... 

elements of sections 

187 


profiles, weights and dimensions .... 

.130, 131 


^afe load tables 

224 

Cubes and Cube Roots . 

numbers 1 to 990 

.394-413 

Decimal Table 

equivalents of an Inch and of a foot . 


Deflection, lateral. . . . 

explanatory notes and formula 


Deflection, Vertical . . . 

explanatory notes 

198,206 


coefllcients, calculation and table . . . 

207 


coefficients for beams and channels . 

210-220, 224-227 


limit for plastered ceilings 

. 206 


formulas for loading under various conditions . 202-205 

Deformed Bars 

sizes and weights 

120-127 

Elasticity 

elastic limit of sul>stances 

368-309 


modulus of elasticity of substances . . 

200, 353, 308-370 

Elements of Sections. . 

explanatory notes 

161 


formulas for calculation of elements . 

162-169 


structural shaiKJs 


Equivalent Measures. . . 

metric and tJ. S. standard 

372-383 

Expansion, Heat 

table of coefficients 

371 

Eye Bars 

sizes, dimensions and weights 

146 

Fiber Stresaes« 

concrete, reinforced concrete 

370 


masonry, stone 

370 


metals, alloys 

368, 369 


miscellaneous substances 

370 


structural steel. 

.... 154, 166, 369 


structural timber 

353 

Fireproof Floors 

see Floor Construction 

317-^3 

Flat Rolled Steel. . . 

list of sizes 



tables of weights 


Flexure of Beams 

explanatory notes and formulas 

197-206 

Floor Construction. . . . 

explanatory notes 

317-322 


fireproof floor systems 

319, 320 


live loads, various building laws 

318 


reinforced concrete beams and slabs . 

327-838 


terra cotta arches, safe loads and weights 323-326 


thrust in arches 

320-822 

Floor PlalM 

buckle plates 

334.336 


checkered plates 



corrugated platM, assembled . . .* 



trough plates, assembled 

836 
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ForaalM 


Functions 


Paob 

bending moments and deflection 200-^205 

elements of sections 162'>160 

geometric and trigonometric 384-387, 892, 893 

roof trusses, sti%8ses and length of members. .342_846 

stresses in beams, bonding 198^200 

** “ “ buckling 210,211 

" “ *‘ impact 208,209 

“ “ “ shearing 200,210 

stresses in columns, cast iron 314 

" “ “ structural steel. 288.289 

“ “ " structural timber 353 

stressfjs In bearing plates and st^el slabs . .244, 258, 2.59 

numbers 1 to 999 394-413 

trigonometric 414H119 


Gases specific gravity and weight 364 

Gages angles, for punching 240, 241 

beams, for punching 237, 238 

Birmingham wire gage 420 

channels, for punching 230 

comparative table of various gages 422 

United States standard gage 421 

Gage Variation steel plates, see A.S. T. M. Specifications .... 4-54 

Girders explanatory notes 263 

angle and plate girders, safe loads 266-284 

beam and plate girders, safe loads 264, 265 

elements of compound sections 168, 169 

grillage foundations 258-262 

Grillage Foundations . . explanatory notes and calculation 258-262 

Grips of Rivets length of field rivets 152 


H'Beams 


Half Rounds . . . 

Hexagons 

Hollow Sections 


beam safe load tables 224 ! 

column safe load tables 290 | 

elements of sections • 174 j 

profiles, dimensions and weights 68 i 

list of sizes Ill i 

list of sizes Ill I 

rounds and squares, elements 192, 193 , 

cast Iron columns 314-316 | 


Impact Stresses effect on beams 208, 209 

Increase of Sections . . . method of rolling 56 


Lateral Deflection explanatory notes and formula. 

Lattice Bars dimensions for columns 

Liquids coefficients of expansion 

specific gravity and weight. . . . 

Live Loads, Floors building laws of various cities . 

Logarithms numbers 1 to 999 

Longitudinal Shear explanation and formula 

Loop Boda sizes and dimensions 
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156, 198, 208 

158 

871 

364 

318 

394-413 

209, 210 

147 
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Paob j 

llMoniT and Stono. . . 

coefficients of expansion 

371 1 


specific gravity and weight 

305 1 


strength, unit fiber stresses 

370 

Blatariali 

coefficients of e:fban8ion 

371 j 


specific gravity and weight 

.364-367 1 


strength, imit fiber stresses 

.368-370 1 

Mcaanrea and Weights. 

equivalents of U. 8. and metric 

.372-383 

Mensuration 

mathematical formulas 

.384-393 

Metals and Alloys .... 

coefficients of expansion 

371 i 


specific gravity and weight 

364 j 


strength, unit fii>er stresses 

.368,369 1 

Metric Tables 

yelghts and measures 

.372-383 i 

Minerals 

specific gravity and weight 

. 365 I 

Modulus of Elasticity • 

various substances 200, 363, 368-370 

Moments of Inertia . . . 

definition and formulas 

. 161-167 


structural sections, tables 

.170-191 

Neutral Axis 

definition and formulas 

. 161-167 


structural shapes, tables 

.172-191 

Nuts 

dimensions and weights 

. 140-143 


recessecl pin nuts, sizes and dimensions 

150 


sleeve nuts, sizes and dimensions 

149 

i Nut Steel Flats 

list of sizes 

110 

1 Orderin.7 Materials . . . 

general ln.structlons 

56 

! Piling, Steel Sheet 

explanatory notes 

.348-350 

i 

elements, rolled and assembled stsetions 

.188, 351 


profiles, rolled sections 

104 

Pins 

explanatory notes 

249 


bearing values, tables 

252 


bending moments, tables 

253 

s 

cotter pins, sizes and dimensions 

150 

Pipe 

black and galvanized 

. 138, 139 

Plate Girders 

see Girders 168, 169, 258-284 | 

Plates, Flat Rolled Steel, exlrome sizes 

107-109 


carbon steel, sheared, rectangular and circular 

107, 108 


“ , universal rectangular 

107 


nickel steel, sheared, rectangular 

109 

• 

“ “ , imlvorsal, rectangular 

109 

Plates, Floor Plates. . . 

buckle plates, explanatory notes and sizes 

334, 335 


checkered plates, elements and safe loads. . . . 

, 338 


“ “ profiles, weights, dimensions 106 


corrugated plates, elements and safe loads . . . 

.188.337 j 


“ ** profiles, weights, dimensions 105 


trough plates, elements and safe loads 

. 188, 836 


“ ** profiles, weights, dimensions .. . 

106 

Plates, Wall Plates. . . 

see Bearing Plates 

.244. 245 

Profiles of Sections . . . 

dimensions and weights 68-106, 120-137 

Punching 

details for punching and riveting 

.246-248 


construction specifications - 

159 

Purlins 

explanatory notes 

841 
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lUdiuB of Gsmtion . . . . 


Rails 

Rails and Accessories . 

Roil Clips 

Ratio of Slenderness . . 

Recessed Pin Nuts 

Reciprocals 

Rectansrular Plates . . . 
Rectangular Sections . . 

Reinforced Concrete . . 
Riveting 

Rivets 


Roofs 


Screw Threads 

^tion Modulus 

Segments. Circular . . . • 

Separators 

Shearing Stresses 

Sheared Plates 

Shearing Values, Rivets . 
Ship and Car Channels. 

Skelp 

Sleeve Nuts 

Snow Loads 

Specifications 

Specific Gravitjr 

Splice Bars 

Square and Round Bars 

Square Edge Flats 

Squares, Square Roots . 
Strength of Matwials . . 
Stresses 


Paob 

definition 161 

angles back to back, tables 194-196 

formulas fur elements of sections 162-169 

structural shapes, tables 170-189 

elements of A. K. A. and A. S. C. E. sections 189 

profiles, weights and dimensions 132, 133 

weights and dimensions. 130 

profiles, dimensions and weights 137 

definition 285 

unit stresses for compression formulas 288 

sizes and dimensions 160 

numlHjra 1 to 999 394-413 

oxt-ivrae sizes, carbon-and nickel steel 107-109 

areas 112-114 

moments of inertia 190, 191 

see Concrete, Reinforced 118-128, 327-333 

construction specifications 157, 158 j 

details for punching and riveting 246-248 i 

ureas of rivet holes - 248 | 

conventional signs 246 j 

dimensions 151 j 

lengths for various grips 152 i 

stressas, shearing and bearing values 249-251 j 

structural details for riveting 246-248 | 

weights 153 

explanatory notes 339-341 

live loads, building laws of various cities . . . : . 318 

snow and wind loads 339 

trusses, stresses and length of members 342-.345 

weights, roof covering and roof trusses 340, 341 

Franklin Institute, TJ. S. and A. B. Co. standards 140 

definition and formulas 161-169 

structural shapes ^ 170-189 

coelflcients of areas 389-391 

standard for beams 242 

longitudinal and vertical 198. 209, 210 

extreme sizes, carbon-and nickel steel 107-109 

tables 250, 261 

see Channels, Ship and Oar 81-85, 173, 174 

list of sizes 110 

sizes and dimensions 149 

roofs and trusses 330 

American Bridge Company 164-160 

American Society for Testing Materials 4-54 

various substances 364, 366 

elements of A. B. A. and A. S. 0. B. sections 189 

profiles, dimensions and wnrights 134, 135 

area and weight 118, 119 

list of sizes 110 

numbers 1 to 999 804-413 

unit fiber stresses 368, 870 

see Beam Stresses, 166, 197-212 
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Tern Cotta . 
Test Bars. . . 
Threads 


Thrust in Arches. 
Tie Rods 


Timber, Structural . . . 


Triangle Mesh . . ■ 
Trigonometric Formulas 
Trlironometric Functions 
Trough Plates . . . 


i 


I Turnbuckles. ■ 


Pagb 

elements of sections 109, 184. 185 

profiles, weights and dimensions 04-101 

safe load tables 235 

arches, ceilings, i^Urring, partition, roofing 320-326 

standard, see A. S. T. M. Si)eciflcations 4-54 

length of bolt threads 141 

standard dimensions of screw thread 140 

effect in floor construction 320-322 

length and weight 243 

spacing 322 

A. K. K. A. unit stresses and explanatory notes. 352, 353 
l^ams, deflections, limiting loads and spans, . . 3r>5 

“ explanaU)ry notes 354 

“ safe load tables 356-360 

coefflclcn ts of expansion 371 

columns, explanatory notes 361 

“ safe load tables 362, 363 

specific gravity and weight 364 

concrete reinforcement 333 

functions of angles and triangles 386, 387 

natural 414-419 

dements of sections 188 

profiles, weigliUs and dimensions 105 

riveted sections, elements and safe loads 336 

explanatory notes 341 

stresses and length of members 342-345 

wclglits of trusst's 341 

size and dimensions 149 


1 


Unit Stresses see Fiber Stresses 154, 155, 353, 368-370 

Universal Mill Plates. . . extreme sizes, carbon- and nickel steel 107, 109 

Upset Screw Ends square and round bars 144, 145 


Vertical Shear explanation 209 

formulas for various conditions of loading 201-205 

Volume and Surface . . . solids 392, 393 

Web Reslstancee beams and channels 213-215 

Weights flat rolled stool, tables 115-117 

• rounds and squares 118,119 

shapes 68-106, 120-137 

various substances 364-367 

Weights and Meoanres. ■ metric and U. S. Standard 372-385 

Wind Loads, Pressure., building specifications of various cities 318 

roofs and trusses 339 

Wire and Sheet Metsl. . stand^ gages : 420-422 

Wooden Beams, Columns see Timber, Structural .354-361 


Zoe Bars.. 


. elements of sections 106, 180 

profiles, weights and dimensions 102, 103 

safe load tables 236 
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PRODUCTS . 

Pig Iron and FiRNAO® Products 
Ferro- Manganese and Spiegbleisbn 
Open-Hearth and Bessemer Steel, Alloy Steels 
Ingots, Billets, Blooms, Slabs, Sheet Bars 
Armor and Vault Plate 

Plates for Bridges, Ships, Tanks, Boilers, and Cars 
Rolled Structural Shapes 
Beams, Channels, Angles, Tees, Zees 
Steel Mine Timbers and Steel Sheet Piling 
Bar Mill Products , 

Concrete Reinforcement Bars, Agricultural Shapes 
Miscellaneous and Special Shapes 
Merchant Bars 

Squares, Rounds, Half Rounds, Hexagons, Ovals, Half Ovals 
Flats, Skelp, Bands, Hoops, Cotton Ties 
Hoops for Slack Barrel Cooperage 
Tire and Vehicle Spring Steel 
Track Material 

Rails and Splice Bars, Duquesne Rail Joints, 

Track Accessories 
Steel Cross Ties 
Forgings 

Standard Forged and Heat-Treated Axles 
Connecting Rods, Crank Shafts, and Arch Bars 
Forged and Rolled Wheels, Gear Blanks, 
Automobile Fly Wheels, Pipe Flanges, Shaft Couplings 
Derricks and Drilling Rigs 
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WORKS 


F4CrBNACBB — South Duquesne, Pa. 

' Thomsoi^ Steel Wobks and Fubnacbs Bessemer^ Pa. 

Homestead Steel Wobes Munhall, Pa. 

Cabbie Furnaces Rankin, Pa. 

Edith Furnace Pittsburgh, N. S., Pa. 

Isabella Furnaces Etna, Pa. 

Lucy Furnaces. . .T Pittsburgh, Pa. 

Neville Furnace Neville Island, Pa. 

Clark Mills Pittsburgh, Pa. 

McCutcheon Mills Pittsburgh, N. S., Pa. 

Painter Mills Pittsburgh, S. S., Pa. 

Lower Union Mills Pittsburgh, Pa. 

Upper Union Mills Pittsburgh, Pa. 

Howard Axle Works Homestead, Pa. 

ScHOEN Steel Wheel Works McKees Rocks, Pa. 

Bellaire Steel Works and Furnaces Bellaire, 0, 

Clairton Steel Works and Furnaces Clairton, Pa. 

Columbus Steel Works and Furnaces Columbus, 0. 

Minqo Steel Works and Furnaces Mingo Junction, 0. 

New Castle Steel Works and Furnaces .... New Castle, Pa. 

Ohio Steel Works and Furnaces Youngstown, 0. 

Sharon St^el Works and Furnace Sharon, Pa, 

Farrell Steel Works and Furnaces Farrell, Pa. 

Greenville Mills Greenville, Pa, 

Monessbn Mills Monessen, Pa. 

Lower Union Mills Youngstown, O. 

Upper Union IIIills Youngstown, 0. 

Niles Furnace Niles, O. 

Steubenville Furnace Steubenville, O. 

Zanesville Furnace Zanesville, O. 

Pittsburgh Warehouse . .Pittsburgh, Pa. 

Baltimore .Warehouse Baltimore, Md. 

Cleveland Warehouse Cleveland, O. 

Nisw England Warehouse AHston, Mass. 

Waveblt Warehouses /Waverly, N. J. 
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OFFICES 

GENERAL OFFICES; 

Pittsbur^rh, Carnegie Building. 

DISTRICT OFFICES: 

Birmingham, Brown-Marx Building, 

Boston, 120 Franklin Street, I 

Buffalo, Marine National Bank Building, * 

Chicago, 208 South La Salle -Street, | 

Cincinnati, Union Trust Building, j 

Cleveland, Rockefeller Building, I 

Denver, First National Bank Building, \ 

Detroit, Ford Building, ’ 

New Orleans, Maison Blanche, 

New York, Hudson Terminal, 30 Church Street, 
Philadelphia, Widcncr Building, 

Pittsburgh, Carnegie Building, 

St. Louis, Third National Bank Building, 

St. Paul, Pioneer Building. 

EXPORT REPRESENTATIVES: 

UNITED STATES STEEL PBODUCTS CO.,. 

^ New York, Hudson Terminal, 30 Church Street. 

PACIFIC COAST REPRESENTATIVES: 

UNITED STATES STEEL PRODUCTS CO., PACjkiC COAST DEPT. 
Los Angeles, Jackson Street and Central Avenue, 

Portland, ScUing Building, \ 

San Francisco, Rialto Building, 

Seattle, Fourth Ave. South and Connecticut Ave, 





